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Abstract  
 
The South Coast Region National Parks and Wildlife Service encompasses a range of 
geodiversity features. This research project was developed in conjunction with staff from the 
Office of Environment and Heritage (OEH) and addresses whether conservation of 
geodiversity is adequately covered within the South Coast Region NPWS Plans of 
Management (PoM) and existing reserve system. 
Results gained through a systematic review of 27 reserves PoM revealed that geodiversity is 
not mentioned, and what is discussed in relation to geodiversity is inadequate when compared 
to the level of attention paid to biodiversity. In depth acknowledgement of geodiversity and 
its conservation within Plans of Management is required in order to improve the conservation 
of geodiversity within the existing reserve system. The existing reserve system only covers 
33% of all documented geosites within the region, with 67% lying outside of reserve 
boundaries. It is essential for NPWS to assess and plan for the management of sites across the 
wider landscape, and not just within the reserve system. A major finding is the need to 
undertake a geological survey of the entire region and include all geosites of significance 
within one location, such as a corporate NPWS geodiversity database. A Geodiversity Site 
Assessment Technique (GSAT) was created to objectively and systematically assess the 
inherent value of individual geosites in terms of scientific, economic and cultural importance. 
The development of a comprehensive site assessment technique such as the GSAT provides 
important information on geosites and could guide future management strategies that will 
adequately conserve geodiversity within the South Coast Region. 
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1. Introduction 
1.1  Introduction to Geodiversity 
 
Geodiversity is the abiotic equivalent to biodiversity and is a shortened version of the phrase 
‘geological and geomorphological diversity’. It is described as “the natural range (diversity) 
of geological (rocks, minerals, fossils), geomorphological (land form, processes) and soil 
features and includes their assemblages, relationships, properties, interpretations and 
systems” (Gray 2004). In the past the need for environmental conservation has been 
prominent within policy documents, however, the emphasis within these documents is 
usually based upon the biotic components of environmental conservation with little 
consideration or mention of the abiotic features and processes that underpin or fundamentally 
control the distribution of particular biological ecosystems (Burek 2012).  
 
Over the past 20 years there has been an increase in understanding the need for geodiversity 
conservation within environmental systems. Such a need stemmed from breakthrough 
publications from both Germany and Australia (Sharples 1993; Wiedenbein 1993; Gray 
2008) in the early 1990’s and has continued to grow with the development of reports and 
plans relating specifically to the conservation of geodiversity. An example of such a plan is 
the UK Geodiversity Action Plan (UKGAP) which relates exclusively to the conservation of 
geodiversity. This plan sets out a framework, themes, objectives and targets which link 
national, regional and local activities to geodiversity across the UK (Townley 2011). 
Nevertheless, due to geodiversity being a relatively new concept in the field of environmental 
conservation, the need to include and acknowledge geodiversity within government 
documents has largely been overlooked and must be considered for future conservation 
needs.  
 
During the course of history humans have become extraordinarily resourceful at exploiting 
the Earth’s diversity of abiotic resources (rocks, minerals and soils) and it is rational to say 
that without geodiversity and the complexity of resources it provides, modern society would 
cease to function (Gray 2004). Distinct geological features, such as Uluru or The Three 
Sisters, attract thousands of tourists from across the globe each year and are integral to local 
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economies that rely on associated tourism revenue. Likewise the extraction of mineral and 
energy resources, such as gold, iron and coal has made Australia one of the wealthiest per 
capita countries. However, as with the management of forests and ecosystems, there exists a 
tension between the exploitation and preservation of our abiotic landforms and resources. The 
appropriate and beneficial management of geodiversity must be addressed if we are to 
conserve it for the benefit of future generations. Abiotic systems are generally considered as 
non-renewable resources and once damaged, removed or destroyed, important rock, mineral 
and fossil sites are not restorable to their previous state (Pemberton 2002). Therefore the 
conservation of abiotic elements of the environment is a much needed inclusion within Plans 
of Management and government documents relating to environmental conservation.  
 
1.2  Purpose of the study 
 
The purpose of this study is to develop a better understanding of the current representation of 
geodiversity within conservation reserves (ie. nature reserves, national parks, Aboriginal 
areas, state conservation areas and regional parks) of the New South Wales National Parks 
and Wildlife Service (NPWS) South Coast Region.    Plans of Management and natural 
resource databases have been analysed to determine whether representation of geodiversity is 
adequately covered within the existing reserve system. 
 
This research provides a technique of systematically assessing geosites in order to accurately 
provide information relating to its inherent value (scientific, educational, etc). This 
information is integral as a first step to building a meaningful database of important geosites 
that will ensure the conservation of geodiversity is adequately covered in future plans of 
management for National Parks within the South Coast Region.  
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1.3  Study objectives 
 
The specific objectives of the study are to: 
 
 Identify significant elements of geodiversity and geoheritage in NPWS South Coast 
Region Plans of Management. 
 Determine areas of underrepresentation of geodiversity in the South Coast Region 
with regard to feature type, fragility and site value.  
 Develop a geodiversity site assessment technique (GSAT) in order to aid future 
decision making processes on significant geosites within National Parks.  
 Provide recommendations for managing geodiversity in the NPWS South Coast 
Region with regards to conservation and potential threats 
 
2.  Review of Geodiversity 
2. 1  Introduction 
 
The term ‘geodiversity’ is a relatively recent addition to scientific literature and as a result the 
knowledge and understanding of the term, its aspects, and its management in a global context 
and in particular Australia’s South Coast Region is somewhat restricted. The following 
reviews the literature available relating to geodiversity, its concepts, importance, significant 
values, threats and difficulties relevant to its conservation and management.   
The review will then briefly focus on geodiversity in the South Coast Region of Australia, 
followed by similar case studies from the national and international literature. 
 
2.2  Origin of the Term 
 
The origin of the term geodiversity is difficult to pin point as it is likely that numerous earth 
scientists coined the term independently, as a likely twin to the term biodiversity (Gray 
2004). Some of the first uses of the term appear in the 1980’s in Tasmania, Australia, by 
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Kevin Kiernan. Gray (2004) states that Kiernan used the terms “landform diversity” and 
“geomorphic diversity” in his papers and that he drew parallels with biological concepts in 
using such terms as ‘landform species’ and ‘landform communities’. By comparing these two 
terms, Kiernan was able to envision many similarities between biological diversity and 
diversity in the abiotic world and when looked at simultaneously, could help to promote a 
more holistic approach to nature conservation than the traditional biocentric focus (Gray 
2005). Through Kiernan’s use of these terms, his vision for geological diversity to become as 
well known as biological diversity, and along with other Tasmania earth scientists such as 
Sharples (1993) and Dixon (1996), the term ‘geodiversity’ is now well understood in 
Tasmanian nature conservation (Gray 2004). 
In 1996 there was a defining moment for geodiversity as a conservation concept when it was 
adopted into the Australian Natural Heritage Charter. From this geodiversity would now be 
given equal weight with biodiversity when assessing a site for nature conservation (Gray 
2008). The charter states today that ‘conservation is based on respect for biodiversity and 
geodiversity. It should involve the least possible human intervention to ecological processes, 
evolutionary processes and earth processes’ (Australian Heritage Commission 2002). 
Although this charter was created to improve the awareness of geodiversity within nature 
conservation, many conservation programs are yet to fully embrace the importance of 
conservation of abiotic systems in a way that is standard in biological systems.  
 
2.3 Geodiversity, geoconservation, geoheritage and geotourism 
 
In order to understand the concept of geodiversity it is necessary to accurately define the 
term, as well as a range of similar geological terms used in conjunction with geodiversity. 
Such expressions include geosites, geoconservation, geoheritage, geotourism, and geo-
processes. These terms will be used throughout this study to better understand the factors 
associated with geodiversity.  
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2.3.1 Geodiversity 
 
Murray Gray (2008) portrays ‘geodiversity’ as being a shortened adaptation of the expression 
'geological and geomorphological diversity' and the abiotic equivalent of biodiversity. He 
describes geodiversity as ‘the natural range (diversity) of geological (rocks, minerals, fossils) 
geomorphological (land form, processes) and soil features. It includes their assemblages, 
relationships, properties, interpretations and systems’ (Gray 2008). Similarly, the Australian 
Heritage Commission defines geodiversity as “the range or diversity of geological (bedrock), 
geomorphological (landform) and soil features, assemblages, systems and processes” 
(Australian Heritage Commission 2002).      
Stanley (2003) delves deeper and describes geodiversity as showing the “link between 
people, landscapes and their culture through the interaction of biodiversity, soils, minerals, 
rocks, fossils, water, wind, ice and the built environment”. This description of geodiversity 
takes the natural process, as well as the human interactions into account, unlike in Gray’s 
description which simply looks at the non-human side of geodiversity. Similarly, Osborne’s 
(2000) Presidential Address entitled “Geodiversity: "green" geology in action” describes 
geodiversity as a means of “identifying and conserving significant examples from the whole 
range of rocks, minerals, fossils, structures, landforms, soils, rivers, lakes, springs etc., and 
places where Earth processes are occurring” (Osborne 2000). 
To correctly and concisely describe geodiversity you must not only take into account the term 
as meaning ‘geological diversity’, you must also broaden the term to include geological 
components of the living space, as well as geographical and anthropogenic ones (Simic et al. 
2010).  
 
2.3.2 Geosites 
 
The term geosite is used to describe “certain areas of landforms whose identity is strong and 
unique which cannot be understood in the absence of the mass it is composed of and the 
specific process that have an influence on them and on the connections between them” 
(Camelia and Josan 2008). Geosites found in Australia include not only key sites but also 
terrains on the Australian mainland, Tasmania and Australian territories and islands (Joyce 
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2010). Joyce goes on to list examples of major terrain geosites within Australia which include 
the Simpson Desert dune field, the northern tropical savannah known as the Kakadu World 
Heritage Region, glacial and periglacial uplands in the far south (southwest Tasmania), broad 
inland riverine plains (Murray–Darling river system) and the young volcanic provinces of 
south-eastern Australia and north-eastern Australia (Joyce 2010). He also states that there are 
many karst geosites within Australia, with some notable karst landforms such as Bungonia 
Caves occurring in the NPWS South Coast Region. Other geosites listed by Joyce (2010) 
include palaeoweathering landforms such as Uluru (Figure 1), representative stratigraphic 
sites, rock and mineral sites and structural and tectonic sites. 
 
 
Figure 1: Aerial view of Uluru, 2006. Uluru is a prominent example of a palaeoweathering landform in Australia. 
Photo: Ruth Rickard (NationalMuseumAustralia 2006) 
 
2.3.3 Geoconservation 
 
Geoconservation is defined by Brocx and Semeniuk (2007) as being “the preservation of 
Earth science features for purposes of heritage, science, or education”. They state that 
geoconservation should encompass all important geological features from the regional scale 
to the individual crystals that make up rock types. Pemberton (2002) elaborates stating that 
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conservation values for geological or geomorphological features have a tendency to focus 
merely on the spectacular or stunning features (i.e. karst formations, active volcanic sites etc), 
scientifically significant features (i.e. type sections) or those with relict or evolutionary 
features (i.e. fossil sites) and not on the smaller, broader features of value.  
Burek and Prosser (2008) elaborate further to define geoconservation as “action taken with 
the intent of conserving and enhancing geological and geomorphological features, processes, 
sites and specimens”, they go on to distinguish it from preservation by stating that 
geoconservation usually involves working with natural change instead of against it to 
maintain a feature of interest. The natural change can include anything that is not a man-made 
influence on a feature such as natural erosion. Preservation on the other hand, is taken as 
meaning ‘keeping something in the same state and preventing it from changing no matter 
what the change agent might be’ (Burek and Prosser 2008). Geoconservation could be said to 
be a more natural approach to site protection and will be discussed in this study when 
determining the importance of geodiversity and effective management techniques for sites 
with significant geodiversity features.  
2.3.4 Geoheritage 
 
The term geoheritage is one of the basic terms said to have originated from geodiversity. 
Geoheritage is demonstrated through geological sites of “outstanding and sometimes unique 
scientific and scenic value which enable us to understand the composition of the earth, the 
internal and external processes that have shaped it and the evolving flora and fauna that 
occupied it” (Robinson and Percival 2011).  
When discussing the natural heritage of a country, its geological heritage should always be 
included. Geological heritage is composed of key geosites and landscapes that have been 
formed and defined by their geology. Just as plants and animals are considered a fundamental 
part of a regions or countries natural heritage, so too should fossils, rocks, minerals and 
landforms. Such geological heritage features form important scientific assets, cultural 
resources and educational resources that can be shared by all countries (ProGEO 2011).  
Simic et al. (2010) states that one official definition of the term geoheritage was given at a 
scientific conference devoted to the geoheritage of Serbia, organised by the Institute for 
Nature Conservation of Serbia in 1995 which stated that: “geoheritage of Serbia includes all 
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geological, geo-morphological, pedological and special archaeological values originated 
throughout the formation of the lithosphere, its morphological formation and interdependence 
of nature and human cultures which have to be a special concern of all social factors in Serbia 
due to extreme scientific and cultural significance, as well as unique geoheritage of Europe 
i.e. world” (Simic et al. 2010). This definition could be applied worldwide. The complexity 
of both the terms geodiversity and geoheritage can be seen in the schematic below (Figure 2). 
It becomes obvious from this representation that geodiversity and geoheritage encompass an 
extremely large range of features and therefore must be taken into account when discussing 
the natural environment of a country or place.   
 
Figure 2: Schematic representation of the complex geodiversity structure of natural phenomena and forms (Simic et 
al.. 2010) 
 
The term geoheritage covers “global, national, state-wide and local elements of geology, at 
all scales that are intrinsically important sites or culturally important sites offering 
information or insights into the evolution of the Earth; or into the history of science, or that 
can be used for research, teaching, or reference” (Brocx and Semeniuk 2007). A site that has 
achieved World Heritage listing has the highest of significance on not only a national scale, 
but also an international scale. An example of a World Heritage listed geosite is the 
Australian fossil sites of the Queensland region located and referred to as the Riversleigh 
Fossil Site (Figure 3). Riversleigh is among the world’s 10 greatest fossil sites and is an 
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amazing example of the key stages of evolution of Australia’s unique fauna (World Heritage 
Convention 2012). 
 
Figure 3: Australian Fossil Mammal Sites, Riversleigh © Tourism Queensland.  (From  WorldHeritageConvention 
2012) 
 
The level of value accredited to a given feature with geoheritage significance is related to 
how frequent or common the feature is within a scale of reference, and/or the importance of 
the feature to a given culture or scientific community (Brocx and Semeniuk 2007). For 
example, if a feature is of high cultural value, but is also extremely rare and important for 
scientific research, the site will have extremely high geoheritage significance and therefore 
need to be conserved with the appropriate level of detail.  
2.3.5 Geotourism  
 
The term ‘geotourism’ was undefined until the early 1990s (Hose 2008), however Thomas 
(2012) recognises that geology has featured predominately in the public’s acknowledgment 
of scenic areas all over the world and in particular in the United States of America for over a 
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century and was incorporated into the establishment of National Parks from the late 1900’s 
after a call to preserve wilderness areas occurred (Thomas 2012). The term geotourism is 
referred to by Gray (2011) as a form of nature-based tourism that focuses primarily on the 
geosystem. The definition of geotourism can be broadly stated as “a form of tourism that 
specifically focuses on geology and landscape and which promotes tourism to geosites and 
the conservation of geodiversity while also promoting an understanding of earth sciences 
through appreciation and education” (Dowling et al. 2012) or as National Geographic define 
it as  “tourism that sustains or enhances the geographical character of a place – its 
environment, culture, aesthetics, heritage, and the well-being of its residents” (National 
Geographic 2012).  
Hose (2008) acknowledges geotourisms first published definition, which stated geotourism as 
being ‘The provision of interpretive and service facilities to enable tourists to acquire 
knowledge and understanding of the geology and geomorphology of a site (including its 
contribution to the development of the Earth sciences) beyond the level of mere aesthetic 
appreciation’ which was later refined to ‘The provision of interpretive facilities and services 
to promote the value and societal benefit of geological and geomorphological sites and their 
materials, and to ensure their conservation, for the use of students, tourists and other casual 
recreationalists’ (Hose 2008). Hose’s definitions not only state what geotourism is but also 
what it can positivity achieve for a site, such as greater knowledge and understanding of sites 
significance as well as conservation of the site through such knowledge and understanding. 
Geotourism is achieved through guided tours, visiting areas, geo-trails, lookouts, visitor 
centres and geo-activities (Dowling et al. 2012).  
Although geotourism is described as being a positive initiative for a site, other factors which 
might damage a site must be acknowledge. For example, popular tourist locations involving 
geotourism around the world attract a large number of visitors each year and the numbers are 
said to be increasing exponentially. As a result, damages to sites do occur from trampled 
ground, artefact theft and so on (Robinson and Percival 2011). Due to the possible dangers of 
geotourism, a site must be assessed effectively to not only determine its significance but also 
to determine its vulnerability. Any site with high significance and very high vulnerability 
should not be considered for a geotourism site.  
Robinson and Percival (2011) state that experiencing geodiversity and geological heritage is 
best done by visiting natural places which therefore provides the rationale for geotourism. 
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They also mention that like ecotourism, geotourism is a form of ecologically sustainable 
tourism which holds a principal focus on experiencing natural areas that allows tourists to be 
provided with environmental and cultural understanding, appreciation and conservation” 
(Robinson and Percival 2011). In addition, Robinson and Percival (2011) state that 
geodiversity can be fully explored by the public through geotourism in a range of settings 
such as geosites, geo-trails, landforms, karst areas and caves, and mine sites as well as in 
designated areas such as national parks/reserves/conservation areas, world heritage sites, 
geoparks and paleoparks. 
Some well known geotourism sites within the South Coast Region of New South Wales 
include Pigeon House Mountain (Figure 4) and Fitzroy Falls (Figure 5).  
 
Figure 4: Image of Pigeon House Mountain, a prominent remnant of a two tier sandstone structure on the South 
Coast of New South Wales (AustraliaforEveryone 2012) 
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Figure 5: Fitzroy Falls plunge 80 m over a large vertical cliff of Hawkesbury Sandstone into a deeply incised gorge of 
the Yarrunga Creek (Jones and Goldbery 1991). 
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2.3.6 Geo-processes 
 
The term geo-process is used to describe those processes involved specifically in the 
formation of rocks, landscapes and soils. The term encompasses all past and present 
processes which have to ability to affect rocks, landscapes and soils, from tectonic processes 
to fluvial and aeolian processes. Processes can be considered active, meaning they are 
ongoing processes that are currently affecting a certain feature or site, or relict processes, 
which have previously affected or are no longer affecting a feature or site. 
Geo-processes that should be considered in relation to geodiversity include; tectonic 
processes, volcanic processes, coastal processes, Aeolian processes, slope processes, fluvial 
processes, glacial processes, waterfall erosion, potholing, and relict processes. These will be 
further discussed when determining how best to assess a geosite for geodiversity (Stock, 
within Eberhard 1997). 
 
2.4 Evolution of Earth’s geodiversity 
 
To understand the current geodiversity on planet Earth and why this planet has the greatest 
amount of geodiversity compared to all others, we need to understand the simple Earth 
processes (geo-processes) that are key major factors in explaining why our Earth is so 
geologically diverse. Such processes that have been outlined in Gray (2008) include: 
• Plate tectonics. The movement of plates over the Earth’s surface. This process is 
absent on all other planets, with the possible exception of periods of plate growth on 
Mars. 
• Climatic differentiation. The various ranges of physical processes, sediments and 
landforms resulting in such processes as weathering and erosion.  
• Evolution. The large range of species over time creating the diversity of the fossil 
record. 
These processes lead to the diversity of the Earth’s geology and geomorphological processes, 
however it is suggested that the surface and near surface geodiversity of the Earth did not 
develop progressively. The geodiversity of the Earth followed an S-shaped curve, with the 
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maximum development of geodiversity occurring at some stage in the early development of 
the continental crust which resulted from the initial plate tectonic processes. These processes 
not only created a range of mineral and rock types but also led to the rapid formation of an 
assortment of mountain-building episodes, crustal accretion, surface processes and landform 
evolution which in turn led to the great geological diversity of Earth (Gray 2008).  
 
Gray (2008) goes on to claim that as biodiversity has ‘hotspots’ (areas of increased species 
richness), geodiversity may also have hotspots (areas of significantly higher visible 
geodiversity). These hotspots, as stated by Gray (2008), are said to be found in: 
 
 Regions on the Earth that have long a complex geological history, such as places 
affected by volcanism and glaciation.  
 Plate margins, where there is dynamic development of rocks and landforms by 
exogenic and endogenic processes, such as convergent plate margins. In these areas 
there is usually a very high range of geodiversity. 
 Regions of high relief, such as mountain chains and canyons, where rock types are 
well exposed to geo-processes of weathering and erosion.  
 Coastal regions due to the high degree of rock exposures and geo-processes present 
around coastal cliffs and shore platforms.  
 
Knowing where geodiversity hotspots could be found would be helpful when it comes to 
documenting and assessing geodiversity within certain areas, although areas not regarded as 
geodiversity hotspots should definitely not be overlooked as some of the more rare geosites 
such as fossil sites or waterfalls, could be found in such places.  
 
2.5 Values significant to geodiversity 
 
Defining a set of values for which geodiversity can be assessed by is important for 
maintaining a consistent approach to determining a sites significance and therefore 
determining the best possible management for such a site. The following outlines the main 
values associated with geosite significance. These values form an important part of the 
geodiversity site assessment technique developed later within this thesis. 
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2.5.1  Scientific and Educational Value 
 
Many geosites hold the potential for study to be undertaken upon them and for information 
on past Earth processes to be researched further within scientific communities. Sites with 
such potential would be classified under scientific or educational value. Many say that the 
key to the future of Earth lies in its past, and as such the scientific and educational value of 
geodiversity is extremely important when it comes to determining whether a site should be 
conserved to allow future management of the site to include research into past processes. 
Physical evidence must be conserved to ensure future research studies and opportunities to 
educate professionals, students, schools and the public are not lost (Gray 2005). An example 
of a site with high scientific value within Australia includes the Willandra Lakes region, 
which provides excellent conditions for recording the events of the Pleistocene epoch. This 
region demonstrates how non-glaciated zones responded to the major climatic fluctuations 
between glacial periods (World Heritage Convention 2012). 
 
2.5.2 Economic value 
 
The economic value of geodiversity includes the ability for a geosite to produce capital for a 
country of origin. They include fuels such as gasoline, coal and uranium; industrial minerals 
such as gypsum, phosphate and limestones; metallic minerals; gemstones; and construction 
minerals such as aggregate, sand, clay, and bitumen. Most of these resources that make up 
economic values of geodiversity are non-renewable and their use and limitations need to be 
considered and understood better (Gray 2005). Sites of economic value can range from 
mining sites to tourism sites, which through the use of entry fees can become quite economic 
if they attract large numbers of tourists each year. An example of an important geosite of 
economic value is located in the isolated hills that rise above the Mekong Delta, Vietnam. 
These hills have provided important sites not only for habitation and spiritual practices, but 
also for the production of timber, agricultural fertilizer obtained from limestone caves, 
quarrying to obtain building stone and cement, as well as being the arena of multiple episodes 
of armed conflict (Kiernan 2010). Economic values of geodiversity usually hold strong 
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potential for great impacts at a geosite. The impacts of the use of the isolated hills of the 
Mekong Delta, Vietnam, can be seen in Figure 6 below.  
 
 
Figure 6: Geomorphological impacts caused by quarrying: (a) faces produced by granite quarrying at the foot of Doi 
Nui Sam in Vietnam; (b) karst towers adjacent to Phnom Sor (Vietnam) in 1996; (c) condition of same site in 2006 
(images by Matthias Schnadwinkel, from Denneborg et al. 2002, obtained from Kiernan 2010) 
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2.5.3  Cultural value 
 
Cultural values can originate from tradition, folklore and indigenous associations with the 
origin and use of landforms or rock formations. They can also be associated with links 
between rock sites and archaeology (Gray 2005). Geological and geomorphological features 
have been valued and respected for thousands of years by Indigenous Australians. These 
features were used as a part of their everyday life as well as for spiritual grounds, for such 
things as navigation, shelter, art sites, burial locations and housing (Pemberton 2002). An 
example of a culturally significant geosite is that of Stonehenge, England. This World 
Heritage listed site is universally one of the most impressive prehistoric megalithic 
monuments. The site and surrounding sites hold cultural value through the exceptional 
insights into past funerary and ceremonial practices in Britain in the Neolithic and Bronze 
Age (World Heritage Convention 2012). A site within Australia includes the Kakadu 
National Park. This park holds cave paintings, rock carvings and archaeological sites which 
keep a brilliant record of the skills and way of life of the region's inhabitants, from the 
hunter-gatherers of prehistoric times to the Aboriginal people still living there (World 
Heritage Convention 2012). 
 
2.5.4 Tourism Value 
 
Tourism value arises from a geosites ability to attract visitors from local areas, national areas 
and international areas. Through this ability, it tourism value can promote and develop 
tourism to geosites of significance (Dowling, 2012) A geosite that attracts visitors from 
international locations has a high tourism value compared to one that may only attract locals 
to the area. A geosite of high tourism value could also have the potential to be of high 
economic value as geotourism can lead to the creation of attractions and features of a site that 
may require an entry fee. Tourism to geosites can also lead to substantial impacts upon that 
site, through trampling or collection of specimens. As such precautions must be taken in 
order to reduce such impact for the conservation of geodiversity. Examples of such 
precautions will be discussed further in this thesis.  
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2.5.5 Functional Value 
 
Geodiversity functional values include geosites systems that can be used for certain services. 
These services could include the use of subsurface rocks as stores of water, oil, and gas; as 
burial sites for nuclear waste and carbon dioxide; and as filters for water as it moves 
downwards to the water table. Such geosites that have vital functional values include soils, 
which are extremely necessary for agriculture, viticulture, and forestry and are also an 
important source of minerals vital for health such as calcium, zinc, magnesium, selenium and 
chromium (Gray 2005). Other examples include river channels which perform the function of 
transporting both water and sediment from land towards the sea and beaches and sand dunes 
which act to protect coastlines and inland low ground from coastal flooding. Without these 
systems functioning in dynamic equilibrium, other environmental systems may not continue 
to function correctly (Gray 2005).  
 
2.5.6 Intrinsic Value 
 
Geosites which hold intrinsic value are those associated with things simply for what they are 
rather than what they can be used for by humans (Gray 2005). The value is attributed to 
phenomena because they are seen as being significant in their own right (Eberhard 1997). 
Most, if not all geosites should be examples of intrinsically valued sites as all sites have value 
regardless of what humans perceive that value to be.  
 
2.5.7 Aesthetic Value 
 
The aesthetic value of a geosites relates to the valued impact of the site on the senses. Such as 
sight, touch and sound (Gray 2005). High aesthetic value usually correlates with high tourism 
potential. An example of an aesthetically valued site includes the Three Sisters of the Blue 
Mountain region. This unusual rock formation attracts millions of people to the region every 
year due to its spectacular beauty (Blue Mountains Australia 2011). 
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2.5.8 Rarity Value 
 
The rarity of a geological site is rarely if ever discussed as a value of geodiversity within 
literature. However, for the sake of this thesis it has been included. The rarity value of 
geodiversity is how unusual or uncommon a feature or site is within its surrounding context. 
If a site holds importance for a rare, endangered or uncommon flora, fauna, communities, 
ecosystems, natural landscapes or phenomena, or as a wilderness (Osborne et al. 1998) than it 
holds some form of rarity value. The blueschist and eclogite rocks at Port Macquarie are an 
excellent example of this. As a rock they are rare and indicate high-pressure, low-temperature 
metamorphic conditions associated solely to subduction. They are certainly not of any 
economic value to collectors. However, there are only 3 or 4 eclogite localities within 
Australia and hence they have great scientific value and are one of the few localities in 
Australia that directly tell us about the physical conditions associated with subduction 
systems operating in the Paleozoic (Och et al. 2007).  
 
2.6 Conserving Geodiversity  
 
“Geodiversity ought to be conserved for two reasons. First, geodiversity is valuable and 
valued in a large number of ways, and second, it is threatened by a huge variety of human 
activities” (Gray 2005). 
It is stated by Pemberton (2002) that the need for nature conservation is broadly accepted by 
biologists and other nature scientists, however the need for conserving the geological 
foundation on which biodiversity is built on is virtually overlooked by nature conservation 
agencies and governments across Australia and overseas. Pemberton (2002) states that most 
people relate nature conservation with the conservation of biodiversity alone. When evidently 
there is a lot more to nature, and to conservation. This is where conservation of geodiversity 
needs to be promoted and taken more seriously within the environmental community 
(Pemberton 2002). 
The importance of conserving geodiversity around the world is later noted by Gray (2005) to 
be for two reasons. Firstly, geodiversity is perceived as valued in a large number of ways, 
with industries such as mining and tourism relying on the diverse range of geology present all 
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over the world. Secondly, geodiversity is known to be threatened by a large variety of human 
activities, as well as climate change. “It is a measure of a civilized and sophisticated society 
that it should want to conserve elements of the planet that are both valued and threatened 
(Gray 2004). There is now a general consensus amongst Earth scientists that our geological 
and geomorphological heritage is a significant and often threatened part of our natural 
heritage that it is worthy of conservation to allow it to be present for future generations 
(Burek and Prosser 2008). The importance of conserving geodiversity will be discussed in 
further detail in Chapter Six of this thesis.  
 
2.7 Managing Geodiversity  
 
The management of geodiversity is a broad and often overlooked topic when it comes to 
environmental Plans of Management. However, some actions have been put in place over the 
past to enhance the geological conservation of areas. Such plans include Local Government 
Action Plans (LGAPs). 
Natural England (2012) states that the role of LGAPs is to: 
 Promote geosites and allow geoconservation to become important to people and the 
community. 
 Recognize, conserve and improve the best geosites that represent the geological 
history of an area in a scientific, educational, recreational and cultural setting. 
 Supply a local geodiversity audit (an audit of sites and skills). 
 Influence local planning policy. 
The priorities of LGAPs differ from area to area and even site to site, however LGAP 
objectives can be modified to suit the local geology and local expertise of the region. They 
provide a framework for the delivery of geoconservation in an area (Natural England 2012). 
The New South Wales National Parks and Wildlife Act (1974) states objects based around 
conservation of nature.  Although these objects are highly biodiversity related, the Act does 
recognise geodiversity in Section 2A, Objects of Act, ‘the conservation of nature, including, 
but not limited to, the conservation of: (iii) landforms of significance, including geological 
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features and processes. It is therefore necessary for geodiversity to be considered within 
National Parks and Wildlife Service Plans of Management. Whether or not it is considered 
adequately enough will be a major topic of this thesis. 
Managing geodiversity can be difficult if the proper foundations are not in place, such as an 
LGAP or Plan of Management. In order to provide the best conservation effort, many aspects 
must be taken into account. Due to the broad range of geodiversity features including 
geological features and geo-processes, there must be a broad assessment technique that is 
capable of covering all geosites. Ideally following the assessment of sites there should also be 
broad management strategies provided that can relate to many sites of different 
characteristics. Managing geodiversity will be further discussed in Chapter Six of this study 
and will involve determining the most appropriate management plan for a specific site based 
on its assessment using a Geodiversity Site Assessment Technique (GSAT) created through 
this thesis.  
 
2.8 Threats to Geodiversity 
 
Threats to conserving and managing geodiversity have been discussed since the term was 
first acknowledged. Human impacts on geodiversity are by far the most prominent in all of 
the literature discussed. Gray (2005) states that these threats include dams and diversions, 
water pollution, mining, geothermal drilling, air pollution, noise pollution, urban impacts 
both within or adjacent to sites, excessive numbers of cars, visitor use impacts, a science 
shortfall, and an “etcetera” category that includes the impact of concession structures and 
operations, inappropriate recreational activities, and poaching (Gray 2005). A good example 
of a threat to geodiversity is that of geothermal resource exploitation in Idaho on the 
Yellowstone system. This is a large concern for the geodiversity of the region within 
Yellowstone due to surface disturbance, such as the creation of roads and infrastructure, as 
well as increased erosion, soil compaction and blending (TEEIC 2012). Other threats include 
visitor and recreational pressures, such as rock climbing at Devils Tower National Monument 
in Wyoming, and unauthorized fossil collection in the Yellowstone National Park. All these 
pressures are considered substantial threats to geosites and need to be productively managed 
in order to conserve geodiversity (Gray 2005).  
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Another important example of a threat to geodiversity is the recent discovery of 
internationally unique dinosaur track sites in the Kimberley that are being threatened by a 
proposed gas plant in Western Australia. Dr Steve Salisbury from the University of 
Queensland is protesting the decision to allow the gas plant to go ahead on the basis that the 
construction of breakwaters surrounding the new export terminal will cause considerable 
damage, he states that “even if they can get through the construction stage without doing too 
much damage, nearly all the track sites in the area are likely to be buried forever under 
massive amounts of sand as a result of the breakwaters changing the currents," (Horstman 
2012).  
Some people would consider that Earth features such as karst systems and rock outcrops do 
not require any management from humans as they are deemed ‘rugged’. However, there are 
many examples from specific regions such as Tasmania where such ‘rugged’ features have 
been severely impacted or lost by a variety of developments (Pemberton 2002). For example, 
the Government of Tasmania has made a statement that damage in the form of the collection 
and removal of valuable and rare fossil stumps and Thylacine sub fossils from caves for 
research purposes has occurred in Tasmania, and as a result an important part of geodiversity 
has been lost (Government of Tasmania 2010).  
Conserving geodiversity could be said to be more important than conserving biodiversity as 
the disturbance or removal of most earth features is normally a permanent occurrence due to 
the long and complex formation processes involved in creating such features. The destruction 
or extinction of a geosite can therefore occur with the removal of specimens, poor land 
management or the simple passing of a bulldozer blade (Pemberton 2002). A full list of 
threats and their potentials is shown in Chapter Six of this thesis.  
 
2.9 Geodiversity in Australia and the South Coast Region 
 
Although Australia was a front runner in the development of the term geodiversity through 
Kevin Kiernan’s work in Tasmania, it is still a largely unfamiliar term among 
environmentalists and geologists within the country. Recently a Theme-Based Gap Analysis 
of the geodiversity within New South Wales Parks and Reserve systems was prepared by the 
Karst and Geodiversity Unit of the National Parks and Wildlife Service in February 2011 but 
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it is still in the draft processing stage. The development of the gap analysis was to provide an 
important educational resource to NPWS staff by identifying prominent landforms and 
features within the whole of NSW and determine their current levels of representation in 
OEH NPWS reserves (Karst and Geodiversity Unit 2011). Besides this publication, the 
geodiversity of the South Coast of Australia has very little to no literature relating specifically 
to the whereabouts and quantity of geodiversity features within this region. A wide range of 
literature can be found relating to geology and geomorphology of the area however few have 
been found to specifically mention the term geodiversity within their pages. 
The OEH Karst and Geodiversity Unit’s Draft Theme-Based Gap Analysis lists only a few 
geodiversity features of significance relating to the South Coast. They are: 
 Seven Mile Beach, a narrow stretch of beach with a parallel quaternary dune system 
that is representative of the NSW South Coast, 
 Gulaga (Mount Dromedary) near Tilba Tilba on the South Coast, one of the most 
prominent volcano mountains in NSW, 
 Bungonia Caves, an extensive karst environment containing numerous caves and a 
spectacular limestone gorge. Bungonia Caves is nationally significant for its values 
associated with karst geomorphology, hydrology, fossil sites and cave fauna, 
 and, Batemans Marine Park, which covers an area of ~ 85 000 ha on the NSW South 
Coast and includes many areas of rocky shores (including intertidal reefs) and subtidal 
reefs. 
These four features are no doubt accompanied by hundreds more geodiversity sites of 
significance within the South Coast Region. This will be explored within this thesis, along 
with ways of assessing such sites significance.  
 
2.10  International Case Studies  
 
2.10.1  United Kingdom 
 
The United Kingdom is leading the way in geodiversity management and conservation with 
the implementation of the UK Geodiversity Action Plan (UKGAP). The UKGAP is stated as 
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being able to raise the profile and importance of geodiversity and support its advocacy across 
the UK. As a result of this plan, the term geodiversity is gaining more recognition and 
acceptance in the management of national parks and reserves. The implementation of a 
website which provides information on the progress and activities of the plan aids in this 
recognition greatly. With statements such as “geodiversity is literally all around us.  It 
influences the way we live, the resources we need and use and how the world changes. 
Understanding and valuing geodiversity is critical to understanding the Earth and the 
decisions we make for the future of our environment” and “the UKGAP will provide a 
framework in which actions for geodiversity can be captured in one place (through the 
website), allowing a range of organisations, groups and individuals to demonstrate their 
achievements in a UK-wide context” (Townley 2011) it becomes clear that the United 
Kingdom is serious about conserving geodiversity in their country and surrounding countries 
also. 
2.10.2  Scotland 
 
Scotland is also leading the way in the management of geodiversity with the creation of 
Scotland’s Geodiversity Charter. Such statements made by Stewart Stevenson MSP, Minister 
for Environment and Climate Change in Scotland, such as “our vital biodiversity and life-
support systems depend fundamentally on geodiversity for the support of habitats and 
ecosystems” give just an idea of how Scotland’s government is endorsing and advocating for 
the positioning of geodiversity alongside biodiversity in environmental conservation. The 
charter’s purpose is to promote and manage geodiversity to ensure it is better integrated in 
policy and guidance consistent with the economic, social, cultural and environmental needs 
of Scotland (Scottish Geodiversity Forum 2012).  
2.11 Conclusion 
 
Although there is a general consensus that the term geodiversity is a young concept and there 
is a lack of awareness of the topic within the scientific community, through this literature 
review it was found that not only is there a substantial amount of information on the topic, 
but this information could be useful when determining the importance of geodiversity, its 
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possible threats, and how to manage these threats and sites of significance through 
appropriate techniques.  
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3.  Area of Study 
3.1 Introduction 
 
The study area is located on the South Coast of New South Wales, Australia (Figure 7), 
ranging north to south from Stanwell Park to Batemans Bay and west to Goulburn (Figure 8). 
The study focuses on the South Coast NSW National Parks and Wildlife Service Region 
which includes the southern section of the Sydney Basin bioregion and parts of the South-
East Highlands bioregion. There are approximately 62 areas classed as national parks, nature 
reserves, regional parks and state conservation areas within this study region (Figure 9).  
 
Figure 7: Study area in reference to the rest of NSW (Google Maps 2012) 
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Figure 8: South Coast of New South Wales and the approximate location of the study area (Travel South 1995)
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Figure 9: South Coast Region NPWS depicting locations of relevant national parks, reserves and state conservation areas and geological periods present. 
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3.2 Geology and Geomorphology  
 
A broad overview of the geology and geomorphology of the South Coast Region of New 
South Wales is discussed below. The underlying geology and geomorphology of a region is 
the basis for determining the diversity of geosites present. An area with relatively 
homogeneous geology and geomorphological processes would have significantly less 
geodiversity than an area with vast and varying geology and geomorphology. As previously 
discussed, it is possible to have geodiversity ‘hotspots’ which contain a diverse range of 
geosites in a relatively small area due to the diversity of rock types and processes that have 
shaped the area over millions of years. The South Coast of Australia has been and is affected 
by a range of geomorphological processes and these, along with the present geology of the 
region, will be discussed briefly below.  
 
3.2.1 Sydney Basin  
 
The Sydney Basin is a large Permo-Triassic basin which extends for approximately 380 km 
along the east coast of Australia and has an area of approximately 44000 km². The Sydney 
Basin forms part of the Sydney-Bowen Basin which extends from Batemans Bay in the south 
of NSW to Queensland in the north and lies between the Lachlan Fold Belt (to the west) and 
the New England Fold Belt (to the east), both of which are Paleozoic in age (DPI 2005).  
The rocks that make up the Sydney Basin were deposited during the Permian and Triassic 
periods, and cover a large area of eastern New South Wales and most of the South Coast 
Region being studied within this thesis (Figure 10) (Branagan and Packham 2000). The 
Sydney Basin started as a back-arc rift in the earliest Permian and then further developed into 
a foreland basin. Most of the rock deposited was generated through uplift in the New England 
Orogen which alternated with lesser fill coming from the Lachlan Orogen located to the south 
west. At its thickest point, located west of Sydney with the Cumberland Plain as the 
depocentre, the basin consists of a depth of approximately 3000 m of sedimentary rock. This 
sedimentary rock is predominately composed of marine quartzose and lithic sandstone, 
siltstone and fluvial successions of sedimentary rocks. Some minor igneous activity with 
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localized intrusions and regionally important basalts occurring  throughout the basin (Herbert 
and Helby 1980; Hutton 1990; Dehghani 1994; Haworth 2003; DPI 2005; Sloss 2005).                                                                                                                                                                                                                                                                                                                                                                   
The stratigraphic units of the Sydney Basin and their periods of deposition are displayed in 
Figure 11. The dominant units of this thick sequence of marine sediments are the Snapper 
Point Formation sandstones, the Wandrawandian Siltstone, and the siltstones of the Berry 
Formation (Young and Young 2007). The Shoalhaven Group, with main rock types of 
siltstone, sandstone, conglomerate, and shale, is predominant within this area of study. As is 
the Wandrawandian Siltstone, which is largely a siltstone succession with minor sandstone 
beds or lens and diamictite wedges (Shi and McLoughlin 1997). Marine fossils are abundant 
in some areas of the Shoalhaven Group. The sequence of the Sydney Basin from the 
southwest to the northeast is shown in Figure 12.  
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Figure 10: Simplified geological map of the southern Sydney Basin showing its extent over the South Coast Region of 
New South Wales (Shi and McLoughlin 1997). 
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Figure 11: Sydney Basin Stratigraphy (DPI 2005) 
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Figure 12: Diagrammatic cross-section of the Sydney Basin Permo-Triassic Sequence from southwest to northeast 
(Shi and McLoughlin 1997). 
 
The structural features of the Sydney Basin are dominated by faults, monoclines, synclines  
and anticlines (Figure 13). These features generally show a north-south trend. A number of 
structural subdivisions also occur within the Sydney Basin, including the Illawarra Plateau, 
and the Woronora Plateau (Bembrick et al. 1973) and contribute to the varying geodiversity 
of the region. 
Deposits created during the Quaternary period formed through water processes and wind 
processes and consist of varying depths of estuarine and river sands and gravel, and fine 
alluvial deposits. These deposits are well evidenced in the flood plain of the Hawkesbury 
River and its tributaries, as well as along the entire coast of New South Wales (Environment 
and Planning 1984).  
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Figure 13: Structural features of the Sydney Basin (Bembrick et al.1973). 
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3.2.2 Illawarra Escarpment 
 
The Illawarra escarpment of the New South Wales coast is a prominent geological feature 
(Figure 14). The escarpment runs for some 120 km, beginning northwards of Stanwell Park, 
forming the sea cliffs of the Royal National Park and ending south of Albion Park where the 
escarpment swings eastward until its foothills reach the sea between Kiama and Gerringong. 
The final end of the escarpment can be traced as far as the junction of the Kangaroo and 
Shoalhaven Rivers where it becomes indistinguishable within an intricate system of canyons 
and caves within the South Coast Region (Young 1980).  
 
The rocks from which the escarpment is composed of were deposited within the Sydney 
Basin as part of the broad upwarping that took place during the Triassic period. The present 
escarpment is the product of erosion and the gravitational movement of debris downslope as 
well as the denudation of the eastern edge of the plateau which has been occurring since the 
breakup of eastern Australia when New Zealand rifted away to form the Tasman Sea some 90 
million years ago (Young 1980). Hawkesbury Sandstone caps the cliffline along the majority 
of the length of the Illawarra Escarpment. The underlying formations of the Illawarra 
Escarpment can be seen in Figure 15. From this diagram it is evident that the underlying rock 
formations of the Illawarra Escarpment vary somewhat significantly from north (Austinmer) 
to South (Berry). This provides greater geodiversity of the region than if the escarpment was 
merely uniform along its entire length.  
 
 
Figure 14: The Illawarra Escarpment near Stanwell Park. The Sea Cliff Bridge shown here has become a prominent 
tourist attraction for the escarpment area (Destination Wollongong 2012). 
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Figure 15: Formations of the Illawarra Escarpment at Austinmer, Mt. Keira and Berry (Young 1980). 
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3.2.3 Lachlan Fold Belt  
 
The Lachlan Fold Belt (seen in Figure 16) is a Middle Paleozoic orogenic belt which extends 
north from eastern Tasmania through Victoria and New South Wales until it disappears under 
the Great Artesian Basin in the north (Gilligan and Scheibner 1978).  
 
 
Figure 16: Locations of the Lachlan Fold Belt, Sydney Basin, New England Fold Belt and Gunnedah Basin (Division 
of Resources and Energy, 2012) 
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The Lachlan Fold Belt is composed of warped deep-marine sedimentary rocks (quartz-rich 
turbidites), cherts and mafic volcanic rocks of Cambrian to Devonian age and younger 
continental cover sequences (Cas 1983; Gray 1997; Gray and Foster 1997). Coney (1992) 
describes the Lachlan as being an “accretionary continental margin orogen that provides an 
unmodified example of Paleozoic Circum-Pacific tectonics” (Coney 1992), where Royden 
(1993) describes it as a “retreating subduction zone orogen” (Royden 1993). It is said that the 
belt did not suffer a terminal continent-continent collision (Foster and Gray 2000) but it 
developed through the stepwise continental accretion of an oceanic sequence, together with 
noticeable Late Ordovician-Devonian structural thickening and shortening to form 35-40 km 
thick crust. The process of development also included extensive magmatism and eventually 
added approximately 2.5 Mkm² to the surface area of Australia (Foster and Gray 2000).  
The Lachlan Orogen can be separated into three separate subprovinces, each being 
distinguished through differences in rock type, metamorphic grade, structural history, and 
geological evolution (Foster and Gray 2000). The western and central subprovinces have 
little to do with this study of the South Coast of New South Wales, however they are 
dominated by a turbidite succession which consists of quartz-rich sandstones and black 
shales. The eastern subprovince, which relates specifically to the study area of this thesis, 
consists of mafic volcanic, volcaniclastic, and carbonate rocks, as well as quartz-rich 
turbidites and widespread black shale in the eastern most part (Vandenberg and Stewart 
1992).   
The structure of the Lachlan Fold Belt consists mostly of a straightforward sequence of 
upright chevron folds (which range from open to tight in nature) and steep faults. Within this 
sequence of folds and faults, there are a number of fault-bounded structural zones which 
show differentiation in the structural trends, timing and nature of deformation, and tectonic 
vergence. The structure, rock types and cross section of the eastern subprovince is displayed 
in Figure 17.  
The eastern subprovince is characterized by a series of anticlinorial zones dominated by 
Ordovician metavolcanic rocks and shallow water deposits, and synclinorial zones dominated 
by turbidites and bounded by east and west dipping reverse faults (Foster and Gray 2000). 
The eastern edge of this subprovince is distinguished by the chevron-folded turbidites and 
brittle thrusts of the Bungonia-Delegate thrust belt, which includes the Yalmy, Yarralwa, 
Razorback, and Copperhannia faults (Fergusson and VandenBerg 1990). 
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Figure 17: Map of structural trend and profile of the eastern Lachlan Orogen (Foster and Gray 2000) 
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3.3 Chapter Summary  
 
The nature of the geology and geomorphology of the South Coast Region provides the base 
for the geodiversity of the region. Without the varying geological units and geomorphological 
trends pertaining to the Sydney Basin, the Illawarra Escarpment and the Lachlan Fold Belt 
the geodiversity of the South Coast Region would be very different to that of what it is today.  
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4.  Methods 
 
4.1 Introduction  
 
The methods used within this study involved reviewing NPWS Plans of Management (PoM), 
mapping and interpreting geological and geoheritage features using ArcGIS, and the creation 
and field testing of a site assessment technique. The chapter begins with describing the 
methods used to obtain data from NPWS South Coast Region Plans of Management. This is 
followed by methods used within the mapping program ArcGIS to map the locations of and 
interpret features of geological and geoheritage significance within the South Coast Region. 
Finally, the methods used for the creation of a template and the field testing of a Geodiversity 
Site Assessment Technique (GSAT) will be discussed.  
 
4.2 Review of conservation reserves Plans of Management  
 
An analysis of 27 reserve PoMs covering the NPWS South Coast Region took place in order 
to determine whether the conservation of geodiversity is adequately addressed in the PoMs of 
this study area. The review was documented using an Excel spreadsheet with specific 
questions answered for each PoM. This spreadsheet can be seen in Appendix 1. The Plans of 
Management studied in this thesis and the dates they were adopted are shown below in Table 
1.  Plans of Management are public documents designed to guide and specify the objectives 
and programs of management for each reserve.  They have been exhibited as drafts for public 
comment and when adopted by the Minister for the Environment are effectively the 
departmental commitment to management of those reserves. 
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Table 1: South Coast Region NPWS Plans of Management. 
Reserve Status References 
Bangadilly National Park Adopted 2009 (NPWS 2009) 
Bees Nest Nature Reserve 
Jerralong Nature Reserve 
Adopted 2010 (NPWS 2010) 
Berkeley Nature Reserve Adopted 2005 (NPWS 2005) 
Bimberamala National Park Adopted 2007 (NPWS 2007) 
Brundee Swamp Nature 
Reserve 
Saltwater Swamp Nature 
Reserve 
Adopted 2008 (NPWS 2008) 
Budderoo National Park 
Macquarie Pass National Park 
Robertson Nature Reserve 
Barren Grounds Nature 
Reserve 
Adopted 1998 
Amended 2004 re facilities at 
Carrington Falls and Macquarie Pass 
(NPWS 1998) 
Bungonia National Park 
Bungonia State Conservation 
Area 
Adopted 1997 (NPWS 1998) 
Cecil Hoskins Nature Reserve Adopted 1998 (NPWS 1999) 
Clyde River National Park Adopted 2012 (NPWS 2008) 
Conjola National Park Adopted 2009 (NPWS 2009) 
Corramy Regional Park Adopted 2012 (NPWS 2012) 
Cullendulla Creek Nature 
Reserve 
Adopted 2004 (NPWS 2004) 
Dharawal Nature Reserve 
Dharawal SCA 
Adopted 2006 (NPWS 2006) 
Five Islands Nature Reserve Adopted 2005 (NPWS 2005) 
Illawarra Escarpment SCA Adopted 1987 (NPWS 2011) 
Jerrawangala National Park 
Parma Creek Nature Reserve 
Adopted 2010 (NPWS 2010) 
Jervis Bay National Park 
Woollamia Nature Reserve 
Adopted 2011 (NPWS 2011) 
Kangaroo Valley Group 
(Kangaroo River, Cambewarra 
Range, Barrengarry, Rodway 
Nature Reserve) 
Adopted 2009 (NPWS 2009) 
Meroo National Park Adopted 2010 (NPWS 2010) 
Morton National Park 
Budawang National Park 
Adopted 2000 
Amended 2001 for Granite Falls 
addition 
(NPWS 2001) 
Murramarang AA Adopted 1998 (NPWS 1998) 
Murramarang National Park 
Brush Island Nature Reserve 
Tollgate Island Nature Reserve 
Belowla Island Nature Reserve 
Adopted 1997 
Amended 2002 re Murramarang 
Coast Walk 
(NPWS 2002) 
Nadgigomar Nature Reserve Adopted 2011 (NPWS 2011) 
Narrawallee Creek Adopted 2006 (NPWS 2006) 
Seven Mile Beach National 
Park 
Comerong Island Nature 
Reserve 
Adopted 1997 (NPWS 1998) 
Tarlo River National Park Adopted 1998 (NPWS 1998) 
Yatteyattah Nature Reserve Adopted 2002 (NPWS 2002) 
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4.3 ArcGIS Mapping 
 
4.3.1 NPWS data 
 
In order to analyse significant geological and geoheritage features of geodiversity and areas 
of underrepresentation of geodiversity in the South Coast Region existing databases of 
features previously documented by the NPWS within the South Coast Region was accessed 
(Table 2). Using these databases (No’s. 3,4,6,7 & 8) it was possible to create maps of the 
region and its geoheritage and geological significant sites. This allowed gaps in the 
information and representation of geodiversity within the NPWS system to be determined. A 
gap analysis was achieved using a comparison of geosites in the 27 reserve Plans of 
Management to the number of geosites of significance documented within the databases 
provided by NPWS. This database also allowed for the identification of local geoheritage 
within two National Parks of the South Coast Region, Morton National Park and Jervis Bay 
National Park.  
Data files containing varying parameters were compiled and used to create a database for the 
locations of specific geosite features over the South Coast Region. Specific data files given 
by the NPWS that were used for this study are shown in Table 2.  
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Table 2: Spatial analysis data used within this thesis 
No. Title Reference Geographic Coordinate 
System 
1 1:250k NSW 
Geology 2003 
© NSW Department of Primary 
Industries 2003 
GCS_GDA_1994 
2 GEODATA 
COAST 100K 
 
© Commonwealth of Australia 
(Geoscience Australia) 2004 
GCS_GDA_1994 
3 NPWS Estate 
Boundaries  
 
OEH (2012) GCS_GDA_1994 
4 Places of 
geoheritage 
significance  
OEH (2012) GCS_GDA_1994 
5 Places of 
geoheritage 
significance  
(Osborne et al. 1998) GCS_Australian_1966 
6 Sites of 
geological 
significance 
OEH (2012) GCS_GDA_1994 
7 Areas of 
geological 
significance 
OEH (2012) GCS_GDA_1994 
8 Derelict mine 
sites 
OEH (2012) GCS_GDA_1994 
 
These files were analysed using ArcGIS through techniques such as: 
 Mapping attributes 
 Locating characteristics by attributes 
 Categorising places of geoheritage significance into specific feature types.  
The most significant data files included places of geoheritage significance (No. 4), sites of 
geological significance (No. 6) and areas of geological significance (No. 7), as these three 
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files show the extent of the documented geodiversity covered within the NPWS South Coast 
Region.  
 
4.3.2 Osborne, Docker and Salem (1998) database 
 
A second database (No. 5) known as the Comprehensive Regional Assessment (CRA) Forest 
Region, New South Wales, Geoheritage Sites, provided by Osborne et al. (1998) was used 
(Table 2). It included places of geoheritage significance within the South CRA Region and 
this region covers the NPWS South Coast Region. This data was originally provided in Excel 
format and was converted into a data layer (database No. 5) using ArcCatalog for ArcGIS 
mapping. The data was used in conjunction with NPWS data as it contained specific 
parameters such as site criteria and site fragility that the NPWS data did not include. 
Database No. 5 was used to identify the number and location of important attributes of 
geodiversity in the South Coast Region, such as fragility and criteria (values of geodiversity).  
Osborne et al. (1998) defined a set of criteria within their data relating to places of 
geoheritage significance of the South Coast NPWS region. The following is a set of 
guidelines developed by Osborne et al. (1998) and adapted within this thesis (Table 3) to 
allow the values of geodiversity to be mapped. Below are the listed criteria and their 
descriptions which can be found in Osborne et al. (1998). The value type given was 
determined in this study by matching each description with the closest corresponding values 
found in Chapter Two of this thesis.   
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Table 3: Criteria used to describe places of geoheritage significance in the South Coast as adapted from Osborne et 
al. (1998) and modified here to include value type. 
CRITERIA  Description Value Type 
A1 Importance in the evolution of Australian flora, fauna, 
landscapes or climate. 
Functional 
A2 Importance in maintaining existing processes or 
natural systems at the regional or national scale. 
Functional 
A3 Importance in exhibiting unusual richness or diversity 
of flora, fauna, landscapes or cultural features. 
Rarity 
B1 Importance for rare, endangered or uncommon flora, 
fauna, communities, ecosystems, natural landscapes or 
phenomena, or as a wilderness. 
Rarity 
C1 Importance for information contributing to a wider 
understanding of Australian natural history, by virtue 
of its use as a research site, teaching site, type locality, 
reference or benchmark site. 
Scientific  
D1 Importance in demonstrating the principal 
characteristics of the range of landscapes, 
environments or ecosystems, the attributes of which 
identify them as being characteristic of their class. 
Scientific 
H1 Importance for close associations with individuals 
whose activities have been significant within the 
history of the nation, State or region. 
Cultural  
 
The fragility of each site was mapped from the data. Fragility was defined by Osborne et al. 
(1998) as being: 
 
Table 4: Fragility levels and their descriptions as defined by Osborne et al. (1998) 
Fragility 
Level 
Description (from Osborne et al. 1998) 
1 Sensitive to unintentional human impact 
2 Sensitive to intentional human impact including use of hand tools. This includes those 
places sensitive to sampling, collecting or vandalism 
3 Sensitive to mechanical interference at any scale 
4 Generally immune to human interference 
X Insufficient sensitivity data available for classification. In this study X was changed to 0. 
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4.4 Geodiversity Site Assessment Technique (GSAT) methods 
 
To assess a site’s geodiversity value, its significance, and to determine subsequent 
management strategies, a Geodiversity Site Assessment Technique (GSAT) was developed 
using a review of previous site assessment techniques for geodiversity and geoheritage, as 
well as knowledge gained throughout this study. A template was created in order to clearly 
document the assessment parameters and to allow for an easy assessment process. This 
template can be seen in Appendix 2. Key papers used to develop the GSAT included but was 
not limited to Jones and Goldbery’s (1991) Geological Sites Register, Joyce’s (1996) 
Assessing the significance of geological heritage, Eberhard et al.’s (1997) Pattern and 
Process: Towards a Regional Approach for National Estate Assessment of Geological and 
Geomorphological Values and Scott et al.’s (2005) GeoValue: Valuing Geodiversity for 
Conservation; Development of the Geodiversity Profile. These papers looked at assessing 
sites for geoheritage, geological and geomorphological value. 
 
4.4.1 Assessing geosites for geodiversity  
 
The GSAT can be used to assess sites within any environment as it covers all aspects of 
geodiversity. It involves a two stage process, firstly assessing the geodiversity of a site, which 
is calculated through field work and reviews of appropriate literature. From this a score out of 
ten for the amount of geodiversity present at a particular geosite is provided. Secondly, the 
significance of that amount of geodiversity is established using ratings of the site’s individual 
values such as scientific, cultural and economic. These values relating to the geodiversity of a 
site are then given weightings based on their scale of significance (Local, Regional, State, 
National and International). These weightings are then multiplied by the initial value rating 
and a final score out of ten for geodiversity significance for the geosite is provided.  
4.4.1.1  Quantifying Geodiversity  
 
To evaluate a site’s geodiversity, a field template was developed to compile descriptive site 
information and geodiversity information (Appendix 2). Descriptive information includes site 
name, location, local government area, state or territory, name of nearest settlement, area of 
site, property details, administrative area, site description, accessibility, land use and threats. 
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More detailed assessment of the site includes its geology, landforms, palaeoenvironment, 
palaeontology, soils and historic sites or areas. It also includes geological processes for each 
site. This information is then used to quantify geodiversity by totaling the number of site 
elements present at each location using the equation:   
 
Geodiversity Score = total quantity of geological, geomorphological and soil features and 
processes occurring within a given area. 
This geodiversity score has been adapted from Ruban (2010). If a site has a waterfall feature, 
and gorge feature present as well as ongoing erosion processes then that site would have three 
elements of geodiversity.  
 
Site information for the quantification of geodiversity must be gathered from field 
investigations, literature reviews relating specifically or nonspecifically to the site, and most 
importantly through consultation with geologists and qualified professionals with specific 
knowledge and expertise on particular site characteristics.  
 
4.4.1.2  Determining Significance 
 
After the geodiversity of a site is determined through the process stated above, the 
significance of the geosite and its geodiversity can be determined also. For this to be achieved 
multiple values have to be taken into account, compared and given a weighting to allow for 
the most accurate evaluation of a sites importance. Information that must be gathered 
includes the sites significant elements and uses, significance level (based on a local, regional, 
state, national and international basis), scientific value, economic value, cultural value, 
tourism value, rarity and threat level. This information is compiled onto a spreadsheet 
template that is then used to calculate the significance (Appendix 2).   
 
The value of a site, such as scientific, cultural and economic must be given a rating. 
Following this rating they must also be given a weight compared to each additional value. 
From this information the following equation can be used: 
 
Geodiversity Significance Score = ∑ (Weighted Scale of Significance × Rating of Value) 
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Where: 
 
Weighted Scale of Significance = the weighting given to each value based on the scale 
of significance of a value, such as local, regional, state, national and international. The 
weighting cannot be greater than one.  
 
Rating of Value = the score or rating given to a value, such as scientific, economic, 
cultural etc, through field observations and literature reviews. 
 
The weighting of the scale of significance must be a number less than one that describes how 
significant that value is compared to other values of the same site. For example, if a site has a 
scientific value of an international scale and an economic value of a national scale, then the 
weighting for the scientific value would be greater than the economic value purely because 
the scientific value is significant on an international scale. In this thesis, for a geosite or 
feature to be considered significant it must possess at least one value with a high or high-
medium scale weighting that relates directly to geodiversity. Table 5 provides weighting 
suggestions that are considered important on a local, regional, state, national and international 
scale. Possible management levels for each scale of site significance are also addressed 
(Table 5). 
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Table 5: GSAT Significance scale guidelines, weighting suggestions and subsequent management levels (Adapted from White and Mitchell 2006) 
 Significance Description  
 
Weighting Suggestions Management Level 
Local scale Features or sites of local scale 
are usually of significance in 
smaller areas of a region.  
Features, sites and their values 
are usually related to an area of 
a local municipality or an area 
with a radius of approximately 
20 km. 
 
Low when compared 
to other values that 
may have higher level 
of significance 
(Regional, State, 
National or 
International)  
Medium when 
compared to other 
values that may 
have similar level 
of significance 
(Local Importance) 
High when 
compared to other 
values that may 
have lower level 
of significance 
(Only Local 
Importance) 
Local Government  
Regional 
scale 
Features or sites of regional 
scale are usually of 
significance to a region of 
about 60 km radius.  
 
Low when compared 
to other values that 
may have higher level 
of significance (State, 
National or 
International)  
Medium when 
compared to other 
values that may 
have similar level 
of significance 
(Regional 
Importance)  
High when 
compared to other 
values that may 
have lower level 
of significance 
(Only Regional 
Importance) 
State Government 
State scale Features or sites of state scale 
are important in defining the 
geology and geomorphology of 
a state and may be reference 
sites or type examples.  
 
Low when compared 
to other values that 
may have higher level 
of significance 
(National or 
International)  
Medium when 
compared to other 
values that may 
have similar level 
of significance 
(State Importance)  
High when 
compared to other 
values that may 
have lower level 
of significance 
(Only State 
Importance) 
 
State Government 
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National scale Features or sites of national 
scales are rare in 
Australia or are important 
nationally by virtue of their 
scale or state of preservation. 
Low when compared 
to other values that 
may have higher level 
of significance 
(International)  
Medium when 
compared to other 
values that may 
have similar level 
of significance 
(National 
Importance)  
High when 
compared to other 
values that may 
have lower level 
of significance 
(Only National 
Importance) 
Federal Government  
International 
scale  
Features or sites of 
international scale are unusual 
or rare in the world, and/or by 
the character of their scale, 
state of preservation or display, 
are similar with examples 
known internationally. Sites of 
this nature may be global type 
examples which are widely 
known as reference sites by the 
scientific community.  
If a site is internationally significant (i.e. World Heritage Listed) 
then the weighting would be higher than all others unless they are 
also of international significance.  
International Body 
(e.g. UNESCO) 
Unknown 
scale 
Features or sites are allocated this rating if there is inadequate data to allow a complete assessment to be made. 
Characteristically these sites are usually under examination or subject to continual change.  
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These suggestions are provided as a guide for weighting each value (scientific, economic, 
cultural etc) against other values assessed during the geodiversity site assessment process.  
4.4.2 Management Strategies for GSAT Analysis 
 
Through determining the significance of geodiversity of a site, a final geodiversity 
significance score is given. From this final score, broad management suggestions for that 
significance are provided. Gray (2004) suggested that an approach to management that takes 
into account the sensitivity of the site and not just the type of site present is needed. He has 
developed four broad geoconservation management strategies relating to sensitivity of a site. 
These include: 
1. Precautionary management – applies when the little is known about the site and its 
management requirements due to a lack of knowledge or poor understanding of the 
sites possible sensitivity. 
2. General management – applies when the site is durable enough to handle many 
artificial disturbances and where general management strategies to preserve the 
overall environmental quality are adequate to maintain the sites value. 
3. Special management – applies when features have a higher sensitivity but not high 
enough that their values cannot be preserved by special modifications of processes to 
avoid any degradation. Example includes buffer zones.   
4. Protection management – applies when the sensitivity is high or the sites significance 
is great. The exclusion of artificial disturbances is necessary to preserve the sites 
value.  
 
In this thesis the management strategies Gray (2004) has provided have been altered and 
adapted into the GSAT assessment process. This will allow the geodiversity significance of a 
site to be assessed and classed into one of four management strategies. The styles and final 
scores for geodiversity significance required for each management strategy are shown in 
Table 6. 
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Table 6: Management Strategies for GSAT outcome 
Geodiversity Scale of 
Significance Score 
Name and Use Strategies 
Score of 1-3 Minimal management : 
Used when a site has no or very 
little observable threats or 
values of significance. 
 
Intrinsic values of sites with 
low scores should be taken into 
account.  
Allows the site to be open to the 
public with minimal destruction 
of the sites values.  
Allows for collecting of 
specimens 
Allows for recreation activities  
Creation of site management 
plan not necessary  
Score of 4-6 General management: 
Used to preserve the overall 
environmental quality are 
adequate enough to maintain the 
sites value. 
 
Allows for responsible 
collecting of specimens 
Allows for responsible 
recreation activities  
Allows for scientific research 
that maintains the overall 
environmental quality  
Creation of adequate site 
management plan to preserve 
overall environmental quality 
Score of 7-9 Special management: 
Used when a sites value can be 
preserved by special 
modifications of processes to 
avoid any degradation.  
 
Does not allow for collecting of 
specimens without approval 
Does not allow for recreation 
activities without approval 
Does not allow for scientific 
research without approval 
Creation of special site 
management plan that involves 
modifications of processes  to 
avoid degradation.  
Score of 10 Protection management: 
Used when the exclusion of 
artificial disturbances is 
necessary to preserve the sites 
value. 
 
Does not allow for collecting of 
specimens 
Does not allow for recreation 
activities  
Does not allow for scientific 
research unless consent is 
given. Consent should only be 
given with complete knowledge 
of the type of research and its 
possible impact on the site.  
Creation of site management 
plan that excludes artificial 
disturbances in order to 
preserve the sites overall value.  
International bodies such as 
UNESCO could become 
involved and apply world 
heritage listing to site.  
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The quantification of geodiversity, determination of significance, and suggested management 
strategies all come together in one document to be used to assess a sites geodiversity quickly 
and easily. The results gained from the development of the GSAT will be discussed in 
Chapter Five along with a discussion of its effectiveness in Chapter Six.  
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5. Results 
 
5.1 Introduction 
 
The chapter begins with the results achieved through the systematic review of 27 reserve 
Plans of Management of the NPWS South Coast Region. Detailed questions listed in the 
methods of this study relating to geodiversity have been answered during the review and the 
results will be shown below. The chapter then goes on to give the results from analysing 
databases provided by NPWS and Osborne et al. (1998) of geosites within the South Coast 
Region using the mapping program ArcGIS. Maps of the location of significant geoheritage 
and geological sites and their values and fragilities within the South Coast area will be shown 
along with the detailed mapping of two chosen national parks of Morton National Park and 
Jervis Bay National Park. Finally, the results gained from the trial of the GSAT created for 
this study will be provided to determine whether it is suitable for field site assessment 
situations. 
 
5.2 Review of the South Coast Region NPWS Plans of 
Management  
 
An aim of this study was to consider whether the conservation of geodiversity is adequately 
addressed in the NPWS South Coast Region Plans of Management. This was conducted 
through a review of approximately 27 Plans of Management in relation to geodiversity 
conservation. Many factors were considered in relation to geodiversity, such as the number of 
times the term appears, the threats and management of geodiversity, and its relationship to 
scientific, cultural and economic values. The results obtained from this review are stated 
below.  
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5.2.1 Quantification of Specific Terms  
 
A review of the 27 PoMs counted the presence of specific terms in relation to geodiversity 
(Table 7) and biodiversity ( 
Table 8).  In total geodiversity was mentioned 624 times whereas biodiversity was mentioned 
1174 times.  Reference to biodiversity terms (m=43, SD=±19) was nearly twice the amount 
to that of geodiversity terms (m=23, SD=±14) (Figure 18).  
 
Table 7: Tally of terms relating to geodiversity 
Terms Total Averages STDEV 
Geology 114 4 3 
Geodiversity 0 0 0 
Geomorphology 74 3 2 
Soil 436 16 13 
Total 624 23 14 
 
 
Table 8: Tally of terms relating to biodiversity 
Terms Total Averages STDEV 
Ecology  52 2 2 
Biodiversity 160 6 7 
Biology  8 0 1 
Vegetation  954 35 14 
Total 1174 43 19 
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Figure 18: Mean and standard deviations of grouped terms within NPWS South Coast Region Plans of Management. 
 
Of the 27 Plans of Management that were reviewed, zero mentioned the term geodiversity 
directly (Table 7).  To compare like terms, such as geodiversity (m=0, SD=±0) and 
biodiversity (m=6, SD=±7), soil (m=16, SD=±13) and vegetation (m=35, SD=±14) it 
becomes evident that PoM take biotic elements into greater consideration than abiotic 
elements (Figure 19). However, the term geology outnumbers biology 4-0.  
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Figure 19: Mean occurrences of the given terms over all 27 Plans of Management. 
 
5.2.2 Reviewing Plans of Management in Relation to Geodiversity  
 
Due to there being no direct mentions of the term geodiversity within any Plans of 
Management (Table 7), it was necessary to review the possible threats, recreational activities, 
management policies and actions and other attributes that related to geodiversity based purely 
on the attributes relating to geology or geomorphology. It is also important to note that this 
review was not based solely on the present situation of all national parks and reserve systems, 
but was based on all past, present and future situations for the parks in relation to how 
geodiversity has been or might be affected in the future.  
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5.2.3 Threats to Geodiversity  
 
The PoMs identified potential threats to geology and geomorphology. Mining was the highest 
mentioned threat (for past and present situations) within the PoM’s, followed by 
trails/walking tracks, fire and bicycles/horse riding (Figure 20). The lowest numbers of 
threats occurring in the plans were theft, snow, research and scientific study, army training, 
motor-cross riding and rubbish dumping within all 27 Plans of Management (Figure 20).  
 
 
Figure 20: Approximate number of threats to geodiversity. 
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5.2.4 Recreational Activities  
 
Recreational activities that could be relevant to geodiversity were identified in the PoMs 
(Figure 21). Walking, which included both bush walking and walking on trails, was highly 
related to geodiversity in comparison to other activities. Horse riding was also high, along 
with cycling and picnicking. The lowest mentioned activities that could possibly have an 
effect or enhance knowledge on geodiversity within national parks were motorbike riding, 
motor-cross riding and canyoning, with only 1 mention each over all 27 Plans of 
Management.  
 
Figure 21: Approximate number of recreational activities. 
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5.2.5 Management Actions and Policies  
 
The number of management actions, policies, strategies and desired outcomes found in the 27 
Plans of Management that relate to both geodiversity and biodiversity were tallied (Figure 
22). The management actions and policies relating to geodiversity were taken from the 
geology, geomorphology, soil erosion and mining sections of each PoM. The management 
actions and policies relating to biodiversity were taken from the native species (including 
plants and animals) and introduced species sections of each PoM. Of the 27 Plans of 
Management only 4 (Dharawal NP/SCA/NR, Bungonia NP/SCA, Illawarra Escarpment SCA 
and Meroo NP) were shown to have more management actions and policies relating to 
geodiversity than biodiversity, whereas 23 had larger quantities of actions and policies 
relating to biodiversity (Figure 22).  
 
Figure 22: Management actions/policies relating to both geodiversity and biodiversity. 
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5.2.6 Geosites of cultural significance  
 
After reviewing all 27 Plans of Management it became obvious that sites containing 
geological features of cultural significance were very common in the South Coast NPWS 
region. Sites were considered to be significant if mentioned to be of importance to a cultural 
group. 25 of the 27 Plans of Management noted culturally significant sites, most if not all 
relating to Indigenous Australians. Such sites contained culturally significant features such as 
Aboriginal camp sites, shelters, engravings, paintings, artefacts, axe and grinding grooves, 
middens, travel routes, signal points, burial grounds, and stone arrangements. Of all 27 plans, 
only two were found to have no culturally significant sites, however those Plans of 
Management reported that Aboriginal sites have been recorded within the general vicinity of 
the reserves but not within the reserve boundaries. These reserves included Nadgigomar 
Nature Reserve and Brundee Swamp and Saltwater Swamp Nature Reserves. 
A major site exists in the vicinity of the Dharawal Nature Reserve boundary and is known as 
the “Hunting Scene” engraving site (Dharawal NR and SCA, NPWS 2006). It consists of two 
separate groups of petroglyph figures: a large kangaroo associated with six human figures 
and six foot prints and close by two similar human figures. The site is one of the largest rock 
engravings in the district and its composition is unique. It is considered to be a very 
significant Aboriginal site within the South Coast Region. Another significant site is located 
within Conjola National Park and is known as the Fishermans Rock Aboriginal complex on 
Berrara Creek. This covers a large area and consists of axe grinding grooves, a midden and an 
extensive artefact scatter. The site is located adjacent to a popular fishing area and is very 
vulnerable to vandalism, collection of artefacts and erosion.  
Entire nature reserves were also found to be of cultural significance, with the Five Islands 
Nature Reserve comprising the five islands lying offshore of Port Kembla, Wollongong that 
was found to have Aboriginal cultural significance as Dreaming stories. Aboriginal people 
have an ongoing association with the islands within this reserve (Five Islands NR, NPWS 
2005). Another example of an area devoted to cultural significance is the Murramarang 
Aboriginal Area, which is an entire area dedicated to preserving this culturally important 
landscape. The Murramarang Aboriginal Area protects the largest collection of middens on 
the South Coast and is one of only three archaeological sites on the South Coast dated to the 
Pleistocene period (Murramarang AA, NPWS 1998).  
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5.2.7 Geosites of economic significance  
 
The geosites of past and present economic significance within the South Coast Region are 
mentioned in Plans of Management as being either mining sites or gravel quarries. 
Geotourism sites could be considered economically significant however in this thesis they 
will be considered separate entities and will be discussed below in the geotourism section of 
this chapter. Of the 27 Plans of Management, 17 mentioned specific economic activities 
involving geodiversity. The remaining either mentioned no economic activities relating to 
geodiversity or they mentioned economic activities located outside park boundaries. 
Although mining is shown to be the most mentioned geosite of economic significance, only 
two national reserves and conservation areas, Dharawal National Reserve (2006) and the 
Illawarra Escarpment State Conservation Area (2011), hold active coal mining with profitable 
interests (Figure 23). All other mine sites within the South Coast Region can be considered 
derelict, with 11 documented to have been located within the NPWS reserve system and 12 
located outside the NPWS reserve system (NPWS database No. 8).  
 
 
Figure 23: Range of economic activities. 
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5.2.8 Geotourism sites 
 
Through the review of 27 Plans of Management, it was found that only 5 of the plans 
mentioned geosites that were capable of attracting large number of tourists and promoting 
geodiversity at the same time. Some of the sites mentioned in these four plans included 
Bungonia Caves, Bundanoon, Fitzroy Falls, Manning Lookout and Belmore Falls , 
Minnamurra Falls and the white sandy beaches of Jervis Bay (Figure 24). The nature of these 
sites makes them prime tourist locations, being either or a combination of scenic, spectacular, 
unique within the region, i.e. Jervis Bay’s white sandy beaches, and sites for recreation and 
activities that attract tourism from all over Australia and the world i.e. Bungonia Caves. 
 
20 of the Plans of Management mentioned that there was a possibility for tourism that could 
be based around geosites however they did not specifically mention any sites that had the 
ability to possibility attract tourists from a diverse range of locations and promote 
geodiversity at the same time. Two Plans of Management had no mentioned opportunities for 
possible geotourism. These were Bimbermala National Park and Brundee Swamp and 
Saltwater Swamp Nature Reserves. 
 
 
Figure 24: Geotourism site, Hyams Beach Jervis Bay 
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5.2.9 Geosites of research and educational significance  
 
Of the 27 Plans of Management, only 9 were shown to mention specific opportunities for 
geosites to be of research or scientific value. Another 7 Plans of Management suggest that 
there are opportunities for geological research in the parks however they do not describe such 
opportunities. Of the 9 that were shown to mention specific opportunities, the Murramarang 
Aboriginal Area was by far the stand out for research and scientific prospects.  The 
Murramarang midden found in the Aboriginal area is significant for scientific research and is 
the largest example of a coastal midden in the South Coast Region that is readily available to 
university and other research organisations from Sydney, Wollongong and Canberra. The 
sites size and abundance of cultural material give it almost limitless potential for academic 
research into Aboriginal occupation and use of the land (Murramarang AA, NPWS 1998).  
5.2.10 Overall geosites of significance   
 
As there was no mention of geoheritage sites within PoM, the number of possible geosites of 
significance was quantified (Figure 25). Morton NP, Bungonia NP, Murramarang NP and 
Budderoo NP had high numbers of geosites recorded compared to other reserves in the area.  
 
 
Figure 25: Approximate number of geosites of significance within Plans of Management 
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5.3 ArcGIS Analysis of Data Layers 
 
5.3.1 Significant features of Geodiversity in the South Coast Region 
 
The abundance of significant features of geodiversity within the South Coast Region was 
acquired using databases (3, 4, 6, 7, &8 from Table 2) provided by NPWS. These databases 
included information on the location of places of geoheritage significance, geologically 
significant sites, geologically significant areas and derelict mine sites within the NPWS South 
Coast Region.  
In total 230 sites or areas of geoheritage or geological significance for the South Coast 
Region NPWS were recorded in the NPWS databases.  The total number of sites or areas 
within the reserve system was 75, whereas the total number outside of the reserve system was 
155 (Figure 26). When the 230 sites were divided into four differing categories (Figure 27) 
based on the sites listed under places of geoheritage significance, geologically significant 
sites, geologically significant areas and derelict mine sites, it was clear that the reserve 
system protected less than half of each site category type.  The spatial distribution of sites 
outside the reserve system tended to dominate in both the western and eastern side of the 
study area (Figure 28).  
 
Figure 26: Total documented geosites within and not within the NPWS reserve system. 
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Figure 27: Percentage of places of geoheritage significance, derelict mine sites, geologically significant areas and sites 
within and not within the NPWS reserve system. 
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Figure 28: Geoheritage and geological sites and areas located within and not within the boundaries of the NPWS reserve system.
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5.3.2  Geoheritage Sites  
 
Geosites within the 27 reserve systems Plans of Management where compared to the sites 
found within the NPWS database. The total number of future possible geosites of significance 
for the South Coast Region was calculated (Figure 29). The number of future possible 
geosites of significance was relatively high over all Plans of Management. For example, 
Budderoo NP contains 1 geological or geoheritage site of significance mentioned within the 
database, and 7 geosites of significance within the Plans of Management. As a result the total 
number of possible future geosites of significance for Budderoo National Park is 6. It should 
be noted that although the data from NPWS contains sites named as having geoheritage 
significance, this term does not appear in any Plans of Management. Due to this, any geosite 
mentioned to be of significance within PoM was considered equivalent to geoheritage 
significance.
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Figure 29: Comparison of geological and geoheritage Sites acknowledged within NPWS databases to geosites mentioned within the corresponding Plans of Management. The number 
of total possible future geosites of significance is shown in green. 
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Using a database from the NPWS of specifically documented sites of geoheritage, it was 
possible to map such sites and categorise them based on the features at each location. The 
feature type categories can be seen below in Figure 30, Figure 31, and Figure 32, along with 
the locations of such sites within the South Coast Region. 
 
Figure 30: Feature types chosen for places of geoheritage significance within the South Coast 
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Figure 31: Geoheritage sites and feature types of the NPWS South Coast Region. 
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Figure 32: Detailed map of North West area of the NPWS South Coast Region showing geoheritage sites. 
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5.3.3 Gap Analysis of Geosites  
 
Based on the 27 Plans of Management and the spatial analysis using ArcGIS the adequate 
conservation of geodiversity was further assessed in relation to two categories; i) time periods 
represented, and ii) geological features represented within the study area.  
5.3.3.1  Geological Time Periods Represented  
 
Of the 11 geological time periods present within the NPWS South Coast Region, only one, 
the Cretaceous Period is not represented within the NPWS database as being of geoheritage 
or geological significance. This period is however represented within the Upper Nepean 
SCA, although this reserve has no Plan of Management as yet as it is in preparation (Table 9, 
Figure 33). 
 
Table 9: Geological time periods represented or not represented within the NPWS South Coast Region. 
Represented in NPWS Region Significant 
Sites 
Not represented but present in 
NPWS Region Significant Sites 
Quaternary  Cretaceous 
Tertiary  
Jurassic  
Triassic  
Permian  
Carboniferous   
Devonian   
Silurian   
Ordovician   
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Figure 33: Geological periods present within the South Coast Region 
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5.3.3.2  Features Represented 
 
The geological features represented in the NPWS South Coast Region were recognized 
(Figure 34). It is shown that type sections and fossil sites are well documented over the area 
with 25 features of each appearing. Although there is only one waterfall documented within 
the data files of places of geoheritage significance, there are a larger number mentioned 
within Plans of Management. For example, Minnamurra Falls does not come under a place of 
geoheritage significance however it is present within Budderoo National Park (1998).  
 
Figure 34: Geological features represented in the South Coast Region NPWS 
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The geological features that are not well represented in the South Coast NPWS regions 
database documentation of geoheritage and geologically significant sites and areas give a 
good representation of possible future geosites to enhance the South Coast Regions overall 
geodiversity protection. These features were obtained using criteria to assess sites features 
and can be found in the Geodiversity Site Assessment Technique (GSAT) template section of 
this thesis. In order to be considered underrepresented, features were to appear less than two 
times within the database. Some of these features and landforms that are not represented 
within the South Coast Region may not be able to be represented as they do not exist within 
this region. Also, some may be represented within Plans of Management but are not yet 
documented within the database provided by NPWS. 
Using GSAT Criteria the features/landforms that are underrepresented within the South 
Coast NPWS regions defined geoheritage and geologically significant sites database include: 
 Unconsolidated substrate  
 Coastal Landforms (not including Beaches) 
 Aeolian landforms 
 Biological landforms 
 Gravity landforms  
 Meteorite impact sites 
 Glacial features 
 Depositional Features (i.e. Flood Plain) 
 Precipitation/moisture features  (i.e. Plain/Peneplain, Plateaux/Tablelands) 
 Island landforms  
 Marine landforms 
 Standing water landforms 
 Riverine landforms  
 Relict landforms 
 Palaeoenvironment Features 
 Soil Features 
Some of these features listed are however represented in the Plans of Management, such as 
island formations (Five Islands Nature Reserve) and coastal landforms (Jervis Bay’s white 
sandy beaches). 
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5.4 Status review of significant features of geodiversity in the 
South Coast Region 
 
Using the Osborne et al. (1998) Comprehensive Regional Assessment of places of 
geoheritage significance in New South Wales Forest Regions database, it was possible to 
review the significant values of geodiversity within the South Coast Region. Using criteria 
mentioned in the methods section of this thesis, including functional value, scientific value, 
rarity value and cultural value (Table 3 & Table 10), it was determined approximately how 
many values of each were found within the South Coast Region (Figure 35) and a map was 
created displaying such values and their locations over the South Coast (Figure 37). It was 
also possible to display the fragility of each site on the same map. A summary of the fragility 
levels, their description and an approximate number of times each fragility type appears in 
the South Coast Region can be seen in Table 11 and Figure 36 along with a map documenting 
the values and fragilities of the places of geoheritage significance.  
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Table 10: Criteria used and the value type given to each set of criteria. 
 
 
 
 
 
 
 
 
Figure 35: Approximate number of occurrences of each value type. 
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Table 11: Levels of fragility that can correspond to a geosite and a description to act as a guideline for determining 
fragility. This has been taken from Osborne et al. (1998). 
Fragility Level Description 
1 Sensitive to unintentional human impact. 
2 Sensitive to intentional human impact including use of hand tools. This includes 
those places sensitive to sampling, collecting or vandalism. 
3 Sensitive to mechanical interference at any scale. 
4 Generally immune to human interference. 
0 Insufficient sensitivity data available for classification. 
 
 
Figure 36: Approximate number of occurrences of each fragility level. 
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Figure 37: Values and fragilities of the geoheritage features of the South Coast Region 
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Figure 38: Detailed section of values and fragilities of the geoheritage features of the North West Area of the South 
Coast 
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5.5 Case study of two differing reserves  
 
A case study was conducted using two reserves of the South Coast Region NPWS to compare 
the protection of geoheritage and geological significant locations. The two reserves were 
Morton National Park, due to its large area and diverse coverage of landforms, and Jervis Bay 
National Park, due to its proximity to the coast and its smaller area.  
 
5.4.1 Morton National Park 
 
Morton National Park was established in 1969 (Morton NP, NPWS 2001). It covers an area 
of 192,352 hectares (Figure 39) (Environment and Heritage 2012). Morton National Park 
holds 26 of the 158 places of geoheritage significance within the South Coast Region (Figure 
40).   
 
Figure 39: Location of Morton National Park (Environment and Heritage 2012) 
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Figure 40: Geological significant sites of Morton National Park 
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5.4.2 Jervis Bay National Park 
 
Jervis Bay National Park was created in March 1995 and covers an area of 5,247 hectares 
(Figure 41) (Jervis Bay NP, NPWS 2011). Jervis Bay National Park does not contain a 
diverse range of geoheritage and geologically significant features compared to Morton 
National Park. It holds no geoheritage or geologically significant features within its park 
boundaries, however the reserve is in close proximity to volcanic features such as ophitic 
diorite and igneous dykes, plutonic features such as olivine basalt, glendonites, and fossil 
sites (Figure 42).  
` 
Figure 41: Location of Jervis Bay National Park (Environment and Heritage 2012) 
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Figure 42: Geological significant sites of Jervis Bay National Park
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5.5 GSAT Field Trial Results 
 
In order to determine whether the GSAT created within this study was adequate to use in the 
field, a trial of three known geosites within the South Coast area was undertaken. Three sites, 
two within NPWS boundaries (Fitzroy Falls and Minnamurra Falls) and one outside the 
boundaries (Bombo Quarry) were assessed using the GSAT template (Appendix 2) 
 
5.5.1 Fitzroy Falls – Morton National Park 
 
Fitzroy Falls (Figure 43) is situated in the northern section of Morton National Park, just a 15 
minute drive from the town of Moss Vale, NSW. It is located on the Illawarra Plateau and 
provides stunning views of the stratigraphic sequence of the southern Sydney Basin (Figure 
44). Fitzroy Falls is one of a series of waterfalls positioned at the headwaters of drainage 
tributaries of the Shoalhaven River. The waterfall is an excellent example of where 
development of the waterfall has occurred without any indication of undercutting of the cap 
rock. The fall plunges over a large vertical cliff of Hawkesbury Sandstone and into a deep 
incised gorge of the Yarrunga Creek (Jones and Goldbery 1991).  
Fitzroy Falls is currently under the management of the NPWS South Coast Region. It is listed 
in the places of geoheritage significance data provided by NPWS. Tourism is the primary use 
of this area, with a visitor centre open every day except Christmas. Boardwalks, trails, signs 
and information for tourists is readily available (Figure 45). Not only does the visitor centre 
provide information about the falls, it is also a major location for provision of interpretive and 
promotional information about Morton National Park and other service areas within the 
region. Some management policies from the Morton National Park Plan of Management 
directly relating to Fitzroy Falls include; the significant geological and landscape features of 
the parks will be protected from disturbance, and the high scenic values of the two parks will 
be maintained (Morton NP, NPWS 2001). The GSAT created for this thesis was trialled for 
the Fitzroy Falls site (Table 12). The geodiversity score came to 6/10 for Fitzroy Falls 
(Appendix 3).  
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Table 12: Fitzroy Falls GSAT ratings and results 
Name Fitzroy Falls 
Sites 
Values/Criteria 
Scale of 
Significance 
Reason for 
Scale of 
Significance 
Weighted 
Scale of 
Significance 
Rating of 
scale of 
significance  
Final Score 
of 
Geodiversity 
Significance 
Scientific Value State Could possibly 
be studied due 
to its lack of 
undercutting. 
0.05 3      0.15 
Economic Value Regional Parking fee of 
$3 per car is 
the only entry 
fee to see the 
waterfall.  
0.20 4      0.80 
Cultural Value Regional Sites of 
spiritual 
significance 
and locality of 
traditional 
ceremonies 
0.20 5      1.00 
Tourism Value State Thousands of 
tourists visit 
each year.  
0.35 6      2.10 
Rarity Local Many 
waterfalls 
within this 
region.  
0.05 1      0.05 
Threat Level Local Large number 
of tourists. 
Possible 
erosion of 
waterfall.  
0.15 6      0.90 
Total      1.00 25 5.00 
Management  
Scores 
1-3 = Minimal 
management  
3-5 = General 
management  
5-7 = Special 
management  
7-10 = 
Protection 
management  
General Management  
 General management strategies to preserve the overall environmental 
quality are adequate enough to maintain the sites value. 
 Allows for responsible collecting of specimens 
 Allows for responsible recreation activities  
 Allows for scientific research that maintains the overall environmental 
quality Creation of adequate site management plan to preserve overall 
environmental quality 
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Figure 43: Fitzroy Falls from one of many lookouts and trails at the site 
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Figure 44: Scenic view of the southern Sydney Basin Yarrunga Valley stratigraphic sequence taken from lookout at 
Fitzroy Falls. 
 
Figure 45: Example of signage showing locations of geological units, mountains, rainforests and forests within the 
Yarrunga Valley. 
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5.5.2 Minnamurra Falls  
 
Minnamurra Falls (Figure 46) is located within Budderoo National Park and is only a 20 
minute drive inland from the town of Kiama, NSW. The Minnamurra River starts from a 
natural swamp on the Budderoo Plateau and is a vital resource for the rainforest and the 
residents of Jamberoo valley. The Minnamurra River drops into a slot gorge which would 
have once been filled with a band of volcanic rock known as a dyke. This rock was much 
softer than the surrounding rock and therefore eroded away, presenting an unusual slot gorge 
feature that is different to other waterfalls of the Illawarra and Southern Highlands. 
Minnamurra Rainforest has two main waterfalls, the lower falls which has traditionally been 
the major attraction for visitors to Minnamurra. Many people also find the walk up to the 
Upper falls well worth it. The area has been affected by landslides.  
Minnamurra Falls is much the same as Fitzroy Falls when it comes to its current 
management. The falls and surrounds are currently under the management of the NPWS 
South Coast Region. Tourism is the primary use of this area, with the visitor centre open 
every day except Christmas. Boardwalks, trails, signs and information for tourists is readily 
available (Figure 47 and Figure 48). Some management policies from the Budderoo National 
Park Plan of Management directly relating to Minnamurra Falls include; where erosion 
occurs as a result of recreational use or management works, remedial measures will be 
undertaken, and tracks, facilities and management works will be located and designed so as 
not to significantly intrude upon the open plateau landscape or significant features such as the 
escarpment and falls (Budderoo NP, NPWS 1998). The GSAT created for this thesis was 
trialled for the Minnamurra Falls site (Table 13). The geodiversity score came to 6/10 for 
Minnamurra Falls (Appendix 3). 
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Table 13: Minnamurra Falls GSAT ratings and results 
Name Minnamurra Falls 
Sites 
Values/Criteria 
Scale of 
Significance 
Reason for 
Scale of 
Significance 
Weighted 
Scale of 
Significance 
Rating of 
scale of 
significance  
Final Score of 
Geodiversity 
Significance 
Scientific Value Regional Waterfall 
drops into a 
slot gorge, 
presenting an 
unusual feature 
different to the 
other 
waterfalls of 
the South 
Coast Region. 
0.05 2 0.1 
Economic Value Regional Parking fee of 
$11 per car is 
only entry fee 
to waterfall 
0.25 5 1.25 
Cultural Value Regional Possible site of 
spiritual 
significance. 
Aboriginal 
artefacts have 
been found in 
the area. 
0.15 4 0.6 
Tourism Value State Thousands of 
tourists visit 
each yeah 
0.35 6 2.1 
Rarity Local Not considered 
rare within 
Australia or 
internationally 
0.05 1 0.05 
Threat Level Local Large number 
of tourists. 
Possible 
erosion of 
waterfall.  
0.15 6 0.9 
Totals     1.00 24 4.1 
Management  
Scores 
1-3 = Minimal 
management  
3-5 = General 
management  
5-7 = Special 
management  
7-10 = 
Protection 
management  
General Management                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
• General management strategies to preserve the overall environmental 
quality are adequate enough to maintain the sites value. 
• Allows for responsible collecting of specimens 
• Allows for responsible recreation activities  
• Allows for scientific research that maintains the overall environmental 
quality  
• Creation of adequate site management plan to preserve overall 
environmental quality 
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Figure 46: Image of Minnamurra Falls Upper Falls 
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Figure 47: Walking Trails provided at Minnamurra Falls 
 
Figure 48: Visitor Information Signs provide information on the falls and the surrounding areas 
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5.5.3 Bombo Quarry 
 
Bombo Quarry (Figure 49) is located just north of Kiama, NSW. It is described as one of the 
most significant geological sites in New South Wales and is heritage listed. Its columnar rock 
formation (Figure 51) and rock type are of national significance, the educational values of the 
site have state significance due to the importance to geological departments of NSW 
universities, as does its economic value in the quarrying industry. The Bumbo Latite Member 
found here is of international scientific significance as it was formed during the reversal of 
the North and South Magnetic Poles. This is important for intercontinental paleomagnetic 
correlation of Late Paleozoic rock sequences.  The site is also utilised by locals and tourists 
for its recreational values and scenic views (Sydney Water 2010). 
Currently the management of Bombo Quarry is split between Sydney Water and Kiama 
Council. Sydney Water has a Sewage Treatment Plant within the area which began in 1985 
(Figure 50). The Kiama Local Environmental Plan (2011) objectives state that their 
management aims for the heritage listed Bombo Quarry  includes the need to conserve the 
heritage significance of heritage items and heritage conservation areas (such as Bombo 
Quarry), including associated fabric, settings and views. However, no actual management 
objectives relating specifically to the site are put forward. The GSAT created for this thesis 
was trialled for the Bombo Quarry site (Table 14). The geodiversity score came to 6/10 for 
Bombo Quarry (Appendix 3). 
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Table 14: Bombo Quarry GSAT ratings and results. 
Name Bombo Quarry 
Sites 
Values/Criteria 
Scale of 
Significance 
Reason for 
Scale of 
Significance 
Weighted 
Scale of 
Significance 
Rating of 
scale of 
significance  
Final Score of 
Geodiversity 
Significance 
Scientific Value International International 
scientific 
significance as 
it was formed 
when North 
and South 
Magnetic 
Poles were 
reversed and 
state 
significance 
for its 
educational 
value with 
geological 
departments 
of NSW 
universities.  
0.40 9 3.6 
Economic Value State State 
significance as 
a source of 
employment 
in the 
quarrying 
industry.  
0.10 5 0.5 
Cultural Value Local No specific 
cultural value 
mentioned.  
0.01 6 0.06 
Tourism Value State Utilised for its 
recreational 
values and 
scenic views. 
0.05 6 0.3 
Rarity International The natural 
qualities are 
rare and are 
important to 
scientists at a 
state, national 
and 
international 
level. 
0.40 6 2.4 
Threat Level Regional Tourism, 
Erosion, 
Quarrying and 
the Sydney 
Water 
0.04 6 0.24 
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treatment 
plant have all 
been threats to 
this site.  
Totals     1.00 39 6.86 
Management  
Scores 
1-3 = Minimal 
management  
3-5 = General 
management  
5-7 = Special 
management  
7-10 = 
Protection 
management  
Special management  
• Special management strategies are set in place when a sites value can be 
preserved by special modifications of processes to avoid any degradation.  
• Does not allow for collecting of specimens without approval 
• Does not allow for recreation activities without approval 
• Does not allow for scientific research without approval 
• Creation of special site management plan that involves modifications of 
processes (both human and natural) to avoid degradation. 
 
 
 
Figure 49: Columnar jointing at Bombo Quarry 
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Figure 50: Sydney Water Treatment Plant located at Bombo Quarry 
 
 
Figure 51: Bombo Quarry Columnar Jointing. Image by Sydney Water (Sydney Water 2010) 
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6.   Discussion 
 
6.1 Introduction 
 
There will be three sections of this discussion, the first will discuss the results obtained from 
the review of 27 reserve Plans of Management, ArcGIS analysis of mapping data, gap 
analysis of geosites and status review of significant features of geodiversity. The second 
section will discuss the results gained from testing the GSAT within a field situation, and the 
third will discuss the importance of conserving geodiversity and the possible management 
techniques to follow after the initial assessment of a site using the GSAT.  
 
6.2. Reviewing Plans of Management in Relation to Geodiversity  
 
From the review of the 27 NPWS South Coast Region reserve Plans of Management, broad 
conclusions on the current representation of geodiversity within the South Coast Region can 
be made.  
6.2.1. Quantification of Specific Terms 
 
From the results obtained during the quantification of specific terms within Table 7, Table 8, 
Figure 18 and Figure 19, it is evident that NPWS Plans of Management take into account the 
conservation of biotic elements of a park in greater detail then the abiotic elements. Terms 
relating directly to geodiversity have a mean occurrence of 23 per PoM. Whereas biodiversity 
related terms have higher occurrence of 43 per PoM. This was an expected outcome as the 
conservation of geodiversity is still a relatively new topic with little knowledge available 
attaining to its management. Comparing this result with the finding that within no PoM’s is 
geodiversity mentioned (Table 7), is it apparent that there is a need to include the term 
geodiversity and address its conservation and management within all NPWS PoM’s, because 
as previously stated, its conservation is of equal or greater importance than biodiversity 
conservation (Pemberton 2002).  
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6.2.2 Threats to Geodiversity  
 
The PoMs do not specially address threats to geodiversity. It is possible to infer potential 
threats based on general threats to conservation of geology and geomorphology mentioned in 
the PoMs. Figure 20 shows the aspects of reserve uses that may impact on geodiversity in a 
negative manner. The NPWS not only need to introduce the term geodiversity into their Plans 
of Management, but they also need to address these threats, in particular mining, walking 
tracks, fire and bicycle/horse riding within their Plans of Management as being potentially 
destructive to geodiversity. Fire is mentioned in separate sections of most Plans of 
Management as being a threat to the parks however none specifically state it as being a threat 
to geodiversity, geology or geomorphology despite the identification by Shakesby et al. 
(2007) of wildfire effects on soil erosion or the research by Gunn (2011) on bushfire and the 
preservation of rock art. 
  
6.2.3  Recreational Activities  
 
Recreational activities within national parks have the ability to attract large amounts of 
tourists to the areas. Although this can be seen as destructive in some sensitive locations, 
tourism through recreational activities can help to promote geodiversity through awareness 
and education. Within the current NPWS system, walking in the form of bush walking and on 
trails is by far the most used recreational activity to view, learn about and enjoy geodiversity 
(Figure 21). NPWS should be promoting walking, and other forms of recreational activities, 
as a means of discovering and promoting the geodiversity of the region. The NPWS should 
also be aware that recreational activities can have negative impacts upon geodiversity (Figure 
20), with tourism occurring as a threat 9 times over all Plans of Management, and as such 
should address this appropriately within their Plans of Management.  
Promoting geodiversity through enhancing all of these activities mentioned within Figure 21 
would help raise awareness of the term and its importance for conservation of the 
environment.  
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6.2.4  Management Actions and Policies  
 
The number of management actions and policies relating to a topic within a PoM suggests 
how much significance that topic holds within that specific national park or reserve. For 
example, Dharawal Nature Reserve and Dharawal State Conservation Area have 39 
management actions relating to geodiversity and only 31 relating to biodiversity (Figure 22). 
This suggests that within these areas, geodiversity is considered on the same scale of 
importance as biodiversity, possibly due to the presence of active mining within the area. 
Reserves such as Cecil Hoskins Nature Reserve however show the opposite view, with 28 
management actions and policies relating to biodiversity and only two relating to 
geodiversity. This suggests that within Cecil Hoskins Nature Reserve there is either a lack of 
geodiversity or a lack of knowledge on geodiversity in the reserve. This particular reserve is 
rather small, only 47 hectares, which may also contribute to the lack of geodiversity 
management actions and policies.  
Also shown by the overall number of management actions and policies within the NPWS 
Plans of Management, is the emphasis put on a particular component of the parks, e.g 
biodiversity or geodiversity. From Figure 22 it is evident that more emphasis is put on the 
biotic elements of a park rather than the abiotic. This coincides with the findings from the 
quantification of specific terms section of this thesis.  
NPWS should aim to increase their management actions and policies relating to geodiversity 
and in turn they would increase the number of terms relating to geodiversity within PoM. 
This would raise more awareness and enhance the need to conserve geodiversity with the 
NPWS parks, reserves and areas.  
 
6.2.5  Geosites of cultural significance  
 
Due to the large number of Plans of Management that discuss cultural geosites (Section 
5.2.6), it is necessary that such sites be managed and conserved either separately or jointly by 
NPWS and the Aboriginal owners of the land. It is acknowledged by the NSW Government 
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that the Aboriginal people have the right to own and manage lands that are of cultural 
significance to them and as such the government has legislated to allow for Aboriginal 
ownership of certain national parks and reserves, for example Jervis Bay National Park. The 
NPWS will have joint management responsibilities for the Jervis Bay National Park when it 
is handed back to Aboriginal people (Jervis Bay NP, NPWS 2011).  
 
Management actions and policies for specific cultural geosites of significance could be 
included within all appropriate Plans of Management to allow for geodiversity to be well 
conserved within cultural areas.  
 
6.2.6  Geosites of economic significance  
 
The economic significance of geosites within the South Coast Region (Figure 23) revolves 
mainly around past economic activities, such as mining and quarrying and do not involve 
future prospects for economic gain from geodiversity.  Within the database provided by 
Osborne et al. (1998) (No. 5, Table 2), there are no sites within the South Coast Region that 
fall under economically significant criteria. Economically significant sites are not considered 
within the National Estate Criteria used within Osborne et al. (1998).  
 
From these results (section 5.2.7) it is reasonable to say that the future possibilities for 
economical gain of geosites in this region is largely overlooked. In order to manage 
geodiversity within a site, the future prospects of that site should be acknowledged in order to 
either reduce the impact of those prospects once the site becomes economical or set 
guidelines eliminating the chance of the site becoming economical, and therefore impacted, 
in the first place.  
 
6.2.7  Geotourism sites 
 
Many national parks and reserves have the ability to further promote geodiversity through 
geotourism. This opportunity has not been embraced by NPWS as evident by only 19 Plans 
of Management mentioning possibilities for tourism and of those only 5 of the plans 
mentioned geosites that were capable of attracting large number of tourists and promoting 
geodiversity at the same time (section 5.2.8). Promoting geotourism further could be as 
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simple as creating walking tracks, providing maps and leaflets to visitors, and allowing entry 
to less sensitive geosites so tourists can get up close to a range of geodiversity features.   
 
6.2.8  Geosites of research and educational significance 
 
The results from section 5.2.9 show the lack of knowledge of possible educational and 
research geosites within the South Coast.  
Figure 37 displays all the geosites that hold scientific values with the NPWS South Coast 
Region. Although many of these sites lie outside park boundaries and are therefore not 
considered within NPWS Plans of Management, there are still plenty that fall within the 
parks confides and should be specifically mentioned within Plans of Management as being of 
research or educational significance in order to properly conserve such sites for future 
generations to study scientifically.  
 
6.2.9  Overall geosites of significance 
 
Figure 25 demonstrates that almost all PoMs mention some geosites of significance. Whether 
or not these sites are also mentioned within the NPWS database will be discussed in section 
6.3.2. Morton NP, Bungonia NP, Murramarang NP and Budderoo NP had high numbers of 
geosites recorded compared to other reserves in the area, this could be due to a number of 
factors, such as their size or the presence of karst features (Bungonia NP, NPWS 1998). From 
Figure 25, it is evident that Plans of Management do take geodiversity into account through 
the inclusion of geosites of significance. However, due to there being no direct mention of 
geodiversity within any plans (Figure 19) it is still possible to acknowledge geodiversity in 
more detail then currently present.  
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6.3 ArcGIS Analysis 
 
6.3.1 Significant features of geodiversity in the South Coast Region 
 
The large number of geosites not located within national parks of reserves (67%) compared to 
located within the reserves (33%) demonstrates once again the need for NPWS to assess and 
plan for the management of sites across the wider landscape. Within all findings from Figure 
26 and Figure 27, it becomes apparent that NPWS need to consider this in great detail in 
order to manage geodiversity of the South Coast Region correctly. If sites outside of park 
boundaries (such as those depicted within Figure 28) are not considered for conservation 
efforts, there could eventually be a considerable loss of geodiversity through threats and 
impacts upon sites.  
 
6.3.2  Geoheritage sites 
 
When comparing the number of geosites of significance mentioned within the NPWS South 
Coast Region Plans of Management to the documented number of geoheritage and 
geologically significant sites within the NPWS database, the number of possible geosites of 
significance for this region could be greatly increased. The total number of possible future 
geosites of significance (difference between highest number recorded within both the 
database and PoM) is substantial for all Plans of Management (Figure 29).  
 
The number of geosites of significance within the South Coast Region could be greatly 
increased simply through adopting the future possible geosites within NPWS Plans of 
Management into either the geoheritage database or the geologically significant sites/areas 
database. A possible way to cover all geodiversity within a single database is to undertake a 
geological survey of the region or produce Local Geodiversity Action Plans (LGAPs) that 
will be able to provide succinct information on regions within the South Coast. A corporate 
OEH NPWS database covering all geodiversity within the area could be created to allow easy 
access to information on the region’s geodiversity. This will be discussed further in the 
recommendations section of this thesis.  
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Through analysing the places of geoheritage significance database (No. 5, Table 2) provided 
by Osborne et al. (1998), the locations of specific feature types of geoheritage sites within the 
South Coast Region was determined. From Figure 31, it is shown that the locations of 
geoheritage features are sparse in the South Coast Region with the greatest congregation and 
diversity of features located in the upper North West corner of the region around Bungonia 
National Park (Figure 31, Figure 32). This is due to the area having a variety of geological 
time periods present which could account for the varying geodiversity within this area. A 
large number of the sites in this area are located outside of the national parks. This 
emphasizes the need for the NPWS to assess and plan for the management of sites across the 
wider landscape, and not just within their park boundaries. This could be done through 
collaboration with communities, private residences, local governments and Landcare groups. 
An individual OEH committee working on sites outside the reserve system and reporting to 
the Karst Management Unit could be set up to manage geodiversity within the South Coast 
Region. It is vital that geodiversity become more prominent within this area. Allowing the 
management of sites outside park boundaries would be necessary in order to conserve the 
large number of sites in this region for future generations. The OEH Karst Management Unit 
provides factsheets to assist landholders in managing karst environments on their private land 
and this practice could be improved to include all aspects of geodiversity within the region.  
 
6.3.3 Gap analysis of geosites 
 
6.3.3.1  Geological time periods represented 
 
From this data it is evident that the majority of geological time periods are well represented 
by geoheritage sites and geologically significant sites and areas within the South Coast 
Region with the exception of the Cretaceous period. This time period has a relatively small 
representation within the Upper Nepean SCA (Figure 33), however this reserve’s PoM is still 
in preparation and as such it was not possible to determine if there are any sites falling within 
the Cretaceous geological period of this area. Overall, the geological time periods of the 
region are well covered in relation to geodiversity.   
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6.3.3.2  Geological features or sites represented 
 
From these results (Figure 34) it would be possible to determine future geosite locations 
through analysing whether the landforms underrepresented could be better represented within 
the South Coast Region. For example, gravity landforms such as landslides are not 
represented within geoheritage sites, geologically significant sites and areas, or within Plans 
of Management as being significant for geodiversity. However, there are many locations 
within the NPWS region that contain landslides, such as within the Illawarra Escarpment 
Conservation Area (Flentje and Chowdhury 2005). Acknowledging these underrepresented 
features would increase the awareness of geodiversity and allow for better management and 
conservation of important sites.  
 
6.3.3.3  Status review of significant features of geodiversity in the South 
Coast Region 
 
When analysing the criteria for values of geosites it is shown that scientific value is the most 
abundant, with approximately 143 scientifically significant sites within the region (Figure 
35). This shows that scientific sites are well documented and are considered to be of greater 
importance to the region as they provide education and research opportunities. The second 
most abundant geosite value is functional value, with 76 geosites within the region falling 
into this category. The least abundant values are rarity, with only 9 geosites, and cultural, 
with 0 geosites within the NPWS South Coast Region. Two cultural sites are found at 
Wombeyan Caves however these reside outside of the NPWS South Coast Region boundary. 
The lack of cultural values for geosites is surprising given the large number mentioned within 
Plans of Management within the South Coast NPWS region. This could be an area the NPWS 
service could provide more information and mapping data on in the future.  
 
From data in Figure 36, it is shown that the sites with level 3 fragility are the most abundant 
within the region with 81 mentions (Table 11 and Figure 36). This is an expected occurrence 
as sites only sensitive to mechanical interference would have the ability to survive natural 
impacts such as erosion and fire and therefore would be the most abundant in an area. The 
highest level of fragility, level 1, is the least abundant within the region with only 3 sites 
mentioned (Figure 36). These sites included Bungonia, Bungonia Caves, and Ettrema Gorge 
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and as a result of this fragility rating, these sites should be considered for a high level of 
management. Sites that are considered generally immune to human interference (fragility 
level 4, 30 sites) should be open to the public to allow for a greater awareness of national 
parks geodiversity. Sites of level 2 fragility (38 mentions) should be open to the public also 
but they should also have restrictions on the activities being undertaken at the sites, such as 
research and maintenance and they should also be monitored strictly for vandalism.  
 
From Figure 37 and Figure 38, it is evident that value types can be mapped over the region to 
improve the visibility of geodiversity features. This could be improved through expanding the 
existing databases and adding values such as tourism and intrinsic to the site criteria.  
 
This analysis was undertaken using the Osborne et al. (1998) database (No. 5, Table 2). The 
databases provided by the NPWS did not provide the necessary attributes to analyse the 
values and fragilities of the South Coast sites. This finding shows the need for the NPWS to 
expand their existing data, not only with the undertaking of a geological survey of the region 
(discussed earlier) but perhaps with the collaboration with Osborne et al. (1998) database, so 
that more comprehensive mapping of geodiversity and its attributes can be accomplished.  
 
 
6.4 Case Study of two differing reserves in the South Coast Region 
NPWS 
 
6.4.1 Morton National Park 
 
Morton National Park holds 26 of the 158 documented places of geoheritage significance 
within the South Coast Region (Figure 40). Some of these places are repeated as in Figure 29 
Morton NP is only shown to have 16 geological/geoheritage significant sites. Morton 
National Park holds a large number of sites, mostly due to its size and the range of geological 
periods present (Figure 31). Due to this, the known geodiversity of Morton NP could most 
likely be increased through a geological survey of the area.  
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6.4.2 Jervis Bay National Park  
 
Jervis Bay National Park differs from Morton National Park as it does not contain a diverse 
range of geoheritage and geologically significant features. This park holds no geoheritage or 
geologically significant features within its boundaries, however the reserve is in close 
proximity to volcanic features such as ophitic diorite and igneous dykes, plutonic features 
such as olivine basalt, glendonites, and fossil sites (Figure 42). A finding of this case study is 
to once again emphasis the need for NPWS to assess and plan for the management of sites 
across the wider landscape.  
 
6.5 GSAT trial discussion  
 
This section discusses the results obtained in relation to the creation and testing of a 
Geodiversity Site Assessment Technique (GSAT). The desired outcome of the GSAT is to be 
able assess a site for geodiversity and determine how significant that geodiversity is in 
relation to other geosites. This information was then used to determine possible management 
strategies for the geosite. The following discusses the results from three site visits, Fitzroy 
Falls, Minnamurra Falls and Bombo Quarry and determines whether the GSAT is an effective 
site assessment tool. 
 
6.5.1 Fitzroy Falls  
 
The geodiversity score of Fitzroy Falls came to 6 site elements present (Appendix 3) and the 
total rating of scale of significance for geodiversity came to 5 out of 10 (Table 12).  The 
rating of scale of significance gave this site a management strategy relating to general 
management. This type of management aims to preserve the overall environmental quality 
and to maintain the sites value. It also allows for responsible recreation activities, collecting 
of specimens and scientific research. The creation of an adequate site management plan to 
preserve overall environmental quality is also suggested. These suggestions correspond with 
the current management style of Fitzroy Falls with the exception that the site of Fitzroy Falls 
does not have its own site management plan. The GSAT has therefore been an effective tool 
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for assessing this sites geodiversity significance and providing an appropriate management 
strategy. The management of Fitzroy Falls comes under the Morton National Park Plan of 
Management which lists only a few management policies relating to the management of 
geology and geomorphology of Fitzroy Falls (Morton NP, NPWS 2001). A site plan of 
management could be introduced to Fitzroy Falls to improve managing the geodiversity of 
the area.  
6.5.2 Minnamurra Falls 
 
The geodiversity score of Minnamurra Falls came to 6 site elements (Appendix 3) while the 
total rating of scale of significance for geodiversity came to 4.1 out of 10 (Table 13).  The 
rating of scale of significance gave this site a management strategy relating to general 
management. This is a very similar assessment result as Fitzroy Falls, however Fitzroy Falls 
is listed as a place of geoheritage significance where Minnamurra Falls is not. This 
emphasizes the need to compile a database of geosites of significance within the South Coast 
Region that includes not only geoheritage sites, but all sites of geological or 
geomorphological significance such as Minnamurra Falls. These field results emphasise the 
effectiveness of the GSAT at comparing similar sites (Fitzroy Falls and Minnamurra Falls) 
and receiving similar geodiversity significance results. The management of Minnamurra Falls 
comes under the Budderoo National Park Plan of Management which lists only a few 
management policies relating to the management of geology and geomorphology of 
Minnamurra Falls. A site plan of management could be introduced to Minnamurra Falls to 
better manage the geodiversity of the area.  
 
6.5.3 Bombo Quarry 
 
The geodiversity score of Bombo Quarry also came to 6 site elements (Appendix 3), while 
the total rating of scale of significance for geodiversity came to 6.86 out of 10 (Table 14).  
The rating of scale of significance gave this site a management strategy relating to special 
management. This is the second highest level of management that the GSAT will recommend 
and this site has achieved this rating due to its international significance. This management 
strategy states that the sites values can be preserved by special modifications of processes to 
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avoid any degradation. It does not allow for the collecting of specimens, recreational 
activities or scientific research without approval. It also suggests that the creation of a special 
site management plan that involves the modifications of processes (both human and natural) 
to avoid degradation should be completed. Bombo Quarry does allow for recreation activities 
without approval as anyone can gain access to the site. This could be reconsidered due to the 
significance of the site. The creation of a site management plan should be undertaken, 
perhaps by NPWS through an agreement with the local council, in order to better protect the 
site from outside impacts such as tourism and the presence of the Sewage Treatment Plan. 
This plan could place limits on recreational activities allowed and implement the need for 
approval of scientific research at the site. The effectiveness of the GSAT is shown at this site 
through providing management strategies that correspond to the sites high level of 
geodiversity significance. This is important as in the past Bombo Quarries geodiversity 
significance has been overlooked in relation to its management. The GSAT shows the 
importance of conserving such an internationally important site.  
 
6.5.4 Effectiveness  
 
The findings from Fitzroy Falls, Minnamurra Falls, and Bombo Quarry all display that the 
GSAT is an effective site assessment tool for determining the significance of geodiversity at a 
geosite. It is not only effective at assessing known sites under NPWS PoM, but also unknown 
sites such as Bombo Quarry.  
For a site assessment technique such as the GSAT to be effective there needs to be sound 
underlying knowledge of the areas geology and geomorphological processes before the 
assessment takes place. This underlying knowledge needs to be conducted by an experienced 
scientist within the appropriate field. They could be a geographer, geomorphologist, 
geologist, or geophysicist. A sound development of underlying knowledge of a site would be 
enhanced if multiple professionals assessed a site enabling differing perspectives to be 
obtained prior to the final assessment of geodiversity (using the GSAT) as also recommended 
in Eberhard (1997).  
Another important factor to take into account is the use of a well-defined set of criteria 
(Eberhard 1997). The assessment technique, such as that found within the GSAT, must be 
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objective, transparent, simple and reproducible within reasonable precision. This relates to 
findings from Peter W. Scott (2007). In order for an assessment process such as the GSAT to 
be effective, it must be able to be done quickly and economically.  
An important factor considered within this GSAT is why the site and its values are 
considered significant at one scale or another. For example, one site may be culturally 
significant on a regional scale but scientifically significant on an international scale, this 
would impose problems when determining how this site should be managed. Would the 
cultural significance outweigh the scientific significance? This can cause some difficulty as 
judgment about scales of significance depends on varying subjective factors. As mentioned 
within Eberhard (1997), it is therefore important to assess how the site is significant and at 
what scale its significance occurs and then to document the reasons for such an assessment 
for the process to be effective (Davey, cited in Eberhard 1997). This has been achieved 
within the GSAT created for this thesis. 
 
Previous literatures relating to the assessment of geosites have taken varying approaches 
towards assessing geodiversity. Some look only at quantifying geodiversity (Ruban 2010), 
while others also look at geodiversity values and the scale of significance of a site and its 
values (Scott et al. 2005;White and Mitchell 2006). The assessment technique (GSAT) 
created for this thesis differs from others due to the application of weightings to a site’s 
geodiversity values. These weightings allow values of importance, such as cultural, scientific 
and economic, to be acknowledged for their significance relative to other values. The GSAT 
also differs from previous literature in that it provides management suggestions based on the 
final geodiversity significance score given. This has allowed a site to not only be assessed for 
geodiversity but also allows it to be set future possible management actions that will 
determine a site’s conservation based on its individual characteristics. The GSAT created for 
this thesis is therefore a significant contribution to the assessment of geosites as it goes 
beyond the broad characteristics of a site and looks at determining the most appropriate 
management strategies for the conservation of a site.  
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6.6 Conserving and managing geodiversity  
 
The following will discuss the importance of conserving geodiversity within the South Coast 
Region. Possible threats to geodiversity will be discussed along with practical application 
techniques for the management strategies relating to results from the Geodiversity Site 
Assessment Technique (GSAT). 
 
6.7 Importance of conserving geodiversity  
 
Actively practicing geodiversity conservation is not common in the South Coast Region as 
geodiversity elements are not recognised within Plans of Management, such as the 27 taken 
into account in this study. Where vegetation surveys and biodiversity studies are undertaken 
as common practice, geoheritage studies are not as likely to occur (Osborne 2000). The 
importance of practicing geodiversity and conserving it for future generations can be 
determined by looking at how geodiversity affects not only the surrounding environment, but 
also the scientific environment, the economics of a country, and its cultural heritage.  
Gordon et al. (2012) states that geodiversity provides society with:   
 The resources for a range of economic developments, such as mining. As well as 
tourism based activities.  
 The resources for a variety of tourism based recreational and outdoor activities which 
provide benefits for people’s health and wellbeing.  
 The knowledge base to be able to better adapt to climate change and mitigate natural 
hazards through understanding natural processes.  
 The physical basis for the varied landscape and scenery that Australia holds. 
Geodiversity also has a profound influence on the habitats of both terrestrial and 
marine wildlife, and the use of land and water.  
 A powerful influence on the cultural heritage of Australia. Geodiversity is a source of 
inspiration for art, sculpture, music, literature, poetry, and education. It is also a 
powerful influence on the character of our built environment through the use of 
different building stones (Gordon et al. 2012).  
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When comparing geodiversity to its biotic counterpart, biodiversity, it can be recognised as 
being more important than biodiversity. In a lot of cases biodiversity can be controlled or 
sustained through human influenced practices such as breeding and being held within 
captivity. Geosites however, form under physical conditions, which can be climatic and 
geological, that may not be active in the present day. As a result of this, geosites can be 
thought of as relict or fossil features which once disturbed or impacted upon will in no way 
recover or worse, they will be removed forever (Pemberton 2002). 
Ecosystems, and as a result biodiversity, can also be said to depend entirely upon their 
underlying abiotic parts, such as bedrock, landforms, soils or other related processes. As a 
result, the importance of conserving geodiversity can be said to be greater than that of 
conserving biodiversity as without geodiversity there would essentially be no biodiversity. 
An example of this is shown in Jačková and Romportl’s (2008) study which has found that 
habitat richness is highest in areas of high abiotic heterogeneity, such as in Šumava National 
Park and the Křivoklátsko Protected Landscape Area in the Czech Republic (Jačková and 
Romportl 2008). Also, in the Nichols, Killingbeck et al. (1998) study on the relationship 
between geomorphological heterogeneity and biodiversity, it was found that 
geomorphological heterogeneity plays a major role in determining species richness, and 
conserving geodiversity would hypothetically allow for the conservation of the biological 
processes that generate and uphold biodiversity. This would ensure the foundations for 
functioning ecosystems to accommodate biodiversity still exist, even if the current biological 
occupants do not (Nichols et al. 1998).  
Geosites of significance not only hold their own when it comes to their importance in a range 
of areas such as economic and scientific, they also hold large significance to their 
surrounding ecosystems and as a result should be considered within all Plans of Management 
in as much or more detail as biodiversity is considered.  
 
6.8 Threats to conserving geodiversity 
 
In order to be able to manage geodiversity appropriately, the threats to geodiversity must first 
be identified. The number of threats affecting geodiversity is large and the type of threat and 
its potential to alter geosites varies greatly. With some threats having the potential to 
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completely destroy a geosite and others simply impeding its ability to function correctly 
within a certain system, it is important to be able to determine the level of impact of each 
threat, and the geosites sensitivity to be able to determine how geodiversity should be 
managed.  
Most threats arise from developmental pressures and land-use change (Gordon and 
Macfadyen 2001, cited in Gray 2004). However, natural processes and human-induced 
changes (such as climate change) also contribute to the threats posed on geodiversity. Some 
of the potential threats to geodiversity are summarised below in Table 15. 
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Table 15: Threats to geodiversity (Modified from Gray, 2004 and Gordon & Macfadyen, 2001) 
Threat  Examples of on-site impacts Examples of off-site impacts Some Known Examples from South 
Coast NSW 
Mining Damage to landforms and sediment 
records, soils and soil structure and 
biota. May have positive benefits in 
creating new landform sections.  
Pollution of watercourses, alterations 
in sediment supply to active systems, 
extractions leading to erosion and 
scouring.  
Longwall mining of the coal seam 
within Dharawal Nature Reserve and 
State Conservation Area can result in 
ground subsidence of over 1 metre at 
the surface. This subsidence may alter 
surface drainage patterns, destabilise 
steep slopes and rock overhangs, and 
threaten certain Aboriginal sites such 
as rock shelters (NPWS 2006) 
Waste Disposal  Damage to exposures and natural 
landforms, soil disturbance, 
detrimental effects of leachate and 
landfill gas.  
Contamination of surface watercourse 
and groundwater.  
Within Seven Mile Beach Nature 
Reserve there have been examples of 
car and rubbish dumping take place 
(NPWS 1998). 
Land Development Large-scale damage and disturbance 
of landforms and soils, changes to 
drainage systems, creation of slope 
instability. 
Changes to active processes 
downstream of development, 
contamination of watercourses.  
 
Erosion Damage to exposures and active/relict 
landforms, disturbance to natural 
Modification to sediment supply and 
processes downstream.  
In many of the national parks and 
nature reserves of the South Coast 
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processes.  Region, erosion is a major threat to 
geological sites of significance 
(Figure 20).  
Agriculture Damage and loss of small scale 
landforms through ploughing, ground 
levelling and drainage systems. Soil 
compaction and loss of organic matter 
and small biota. Changes to soil 
chemistry from fertilisers. Effects of 
pesticides on soil biota. Soil erosion.  
Changes in run-off resulting from 
drainage. Episodic soil erosion by 
wind and water. Pollution of surface 
and groundwater from chemical 
applications.  
 
Forestry Damage to landforms and loss of 
outcrop visibility, physical damage to 
small scale landforms. Stabilisation of 
dynamic landforms. Soil erosion and 
changes to coil chemistry and soil 
water regime.  
Increase in sediment yield and runoff. 
Changes to groundwater and surface 
water chemistry.  
 
Recreation/Tourism Physical damage to small-scale 
landforms and soils. Localised soil 
erosion and damage to cave systems.  
 Recreation and Tourism is prominent 
within all national parks and reserves 
and can pose various threats to 
geodiversity within this region (Figure 
20 and Figure 21) 
Removal of geological specimens Loss of fossil record and mineral 
specimens 
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Climate and sea-level changes Changes in active process systems. 
Coastal erosion and inundation. 
Changes in the frequency of floods 
and changes in the rates of 
geomorphological processes.  
 
Fire Loss of organic soils and vegetation 
leading to erosion. 
  
Military activity  Loss and damage to soils and small-
scale landforms by vehicles. 
Production of craters by bombing. 
  
Lack of information/education Loss of damage to active processes or 
static features through ignorance of 
values.  
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6.9 Managing geodiversity 
 
Managing geodiversity to minimize the impacts of threats and conserve a site for future 
benefit is an important factor that needs to be considered following the assessment of a 
geosite. However, determining the correct way to manage geodiversity is complex, with 
different sites needing to be managed in various ways depending on the type of site, its 
vulnerability or rarity, its threats and values. Creating a tool such as a GSAT has allowed it to 
be possible to determine an appropriate management strategy for a site through a systematic 
process.  A good management plan must look at the sites features, threats and the scales of 
the values of significance, and take those into account. The following will provide practical 
application techniques for the management strategies relating to results from the Geodiversity 
Site Assessment Technique (GSAT). 
6.9.1 Management strategies for GSAT analysis 
 
In order to progress pass the assessment phase of a site and begin to apply appropriate 
management strategies such as the ones set for the GSAT analysis (Table 6), such 
management strategies must be easily achievable for a site to be correctly managed based on 
the geodiversity significance acquired. The management strategies set in this thesis are broad 
and uncomplicated enough to be applied to all geosite situations. However, they are only a 
guideline for the management and further steps need to be taken to produce a more succinct 
management plan for a site. Recommendations for possible steps to follow after the initial 
assessment of a site with the GSAT are shown below in Table 16. 
Table 16: Possible management process for geosites 
Step Management Process 
1 Assessing site – Use of GSAT 
2 Production or review of plan of management with measureable conservation objectives.  
3 Site monitoring of ongoing processes and impacts 
4 Physical maintenance of significant site features if necessary 
5 Proactive threat control  
6 Increasing awareness and educating the public and tourists 
7 Creation of protected conservation areas 
 
 
119 
 
6.9.2 Developing a site management plan 
 
If it is required of a site to have its own management plan, steps must be taken in order to 
form a plan that clearly defines and acknowledges specific actions that must be taken into 
account for a site to be properly managed and conserved. A detailed management plan must 
cover all aspects of a site, list possible threats to the site, discuss conservation techniques, and 
put forward clear, well-defined and achievable objectives that can be met within a reasonable 
time frame. The management plan must also describe who will be responsible for meeting 
those objectives and give a time frame for when they must be achieved. This development 
relates to the Prosser et al. (2006) study which puts forward a list of important features of a 
site management plan (Table 17). 
Table 17: Management features for site management plans 
No. Management Features 
1 Detailed description of the important geological interest features 
2 Detailed map of the site showing the location of the interest features 
3 Photographs of the site and interest features 
4 Consultation with site owner and other stakeholders 
5 Potential threats and management issues, including risk assessments 
6 Other conservation interests, such as biological or archaeological features 
7 Measurable conservation objectives for each interest feature 
8 Responsibilities for achieving and maintaining the conservation objectives 
9 Details of how the site is used and its potential for education 
10 Details of management processes, including timescales for initial remedial works and 
frequency of subsequent maintenance works 
11 Frequency of monitoring required 
12 The resources needed to deliver the management plan 
13 Periodic review of management plan. 
 
6.9.3 Difficulties with Managing Geodiversity 
 
Although broad management strategies provide a sound basis for determining the correct 
management of a geosite, the varied nature of geosites and the threats posed upon them 
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makes providing management strategies such as those previously stated a difficult task as 
there are a large number of varying factors to consider on a site to site basis. Therefore each 
site should be managed according to its individual needs. For example, if an important fossil 
site has a high geodiversity significance score and high threat impacts which places it within 
the protections management strategy category (Table 6), then perhaps going against the 
recommended management strategies and allowing the collection of specimens could be 
permitted in order to preserve them indefinitely for future generations to study. To say a site 
should be managed one way is easy, but when actually implementing those strategies it may 
not always go as originally planned. Tourists and rangers may not always abide by 
management strategies set in place at certain geosites. For example within the Yehliu 
Geopark located in Taiwan, management strategies such as boardwalks and visitor signs 
detailing the need for tourists to stay off the area are not successful as visitors continue to 
walk over the features with little care (Figure 52). 
 
 
Figure 52: Yehliu Geopark Taiwan. Visitors queuing at the ‘Queens Head’ landform in order to take photographs. 
Note that the boardwalk is redundant as a strategy for keeping visitors to a defined management area (Figure 2 of 
Dowling et al. 2012). 
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Educating both tourists and rangers on geodiversity and the need for geoconservation needs 
to occur on a large scale to allow management strategies to be implemented and successful. 
Truly successful conservation of a geosite requires strong legislation, conservation-friendly 
policies, practice, and action plans, an active geological/conservation community, and 
activities aimed at raising awareness of the importance of our geological heritage and the 
need to conserve it, amongst both decision makers and the public (Geoconservation 
Commission 2011).  
If geoconservation is to be successful, there needs to be an increased international recognition 
of and adoption of geodiversity and geoconservation principles. This needs to occur in all 
countries but in particular within the developing world where losses of geoheritage are 
probably very significant (Gray 2008). 
 
6.10 Limitations 
 
ArcGIS analysis 
 
 The results are partial. Data sets used are provided as a first stage to the identification 
of places of geoheritage and geological significance within this area. It has been 
suggested by Osborne et al. (1998) that with a more comprehensive approach to the 
identification of places of significance within New South Wales, thousand more 
places with potential for geoheritage significance would be identified. This was 
shown with the absence of Minnamurra Falls from any database showing locations of 
geosites with significance.  
 The source data is limited. All databases (NPWS and Osborne et al. (1998)) recognize 
many geosites of significance within the area, however there are many that are yet to 
be recognized due to receiving little formal study.  
 A limit of this study was the use of two separate but very similar data sets. This could 
provide inconsistencies within the mapping data.  
 The location of sites within the data sets will have a small margin of error on them of 
approximately 1km radius. This may have had minor implications of the numbers of 
sites found within the borders of national parks and those found outside.  
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GSAT analysis 
 
 It is possible to use more advanced numeric equations to quantify geodiversity. 
However for this thesis, a quick and easy process was chosen in order to make the 
assessment process simple yet effective. An example of a more advanced technique 
can be found in Pellitero et al. (2011). They state that geodiversity can be quantified 
through the formula:  
  
   
   
 
 
Where: G=Geodiversity, N=Number of physical elements in the unit, R=Rugosity, 
and S=Real surface. The parameter N is calculated as the arithmetic sum of the 
physical elements, if they are present.  
 
This formula is slightly more advanced than the one used for this assessment 
technique, however it is very similar as it is also based on the fact that the greater the 
number of physical elements, the greater the geodiversity (Pellitero et al. 2011).This 
is a rather time consuming assessment process for geodiversity and was therefore not 
used within this thesis.  
 
 The weightings given to each value, although based on the scale of significance 
(local, regional, state, national and international), are subjective based on the 
assessors final decision. Some assessors may give greater weightings to certain values 
depending on their personal opinions. An assessment technique which removes all 
bias from the process would be more accurate however this could be timelier. 
 
 Without the underlying knowledge of a sites characteristics and context within the 
broader area and the community, the GSAT used in this study would be insufficient. It 
relies upon the expertise of geoscientists to first assess a sites basic characteristics to 
be effective. This could be achieved through a regional geological assessment.  
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7.  Recommendations and Conclusion 
 
7.1  Recommendations 
 
1. Future PoMs and PoM amendments are advised to include the concept of geodiversity 
and its elements, required conservation measures and what education is needed to 
increase the awareness of geodiversity. Potential threats to geodiversity need 
identification.  Increasing the number of management actions and policies that relate 
directly to geodiversity as well as cultural geosites and acknowledging the possible 
future economic gains of geosites is also required to improve the overall coverage of 
geodiversity in this region. Promoting geodiversity within many of the national parks 
and reserves of the South Coast could be increased. The Australian community needs 
encouragement to understand the need for conservation.   
2. Although many geosites in the region have been recorded, the results of this study 
highlight the need for a more detailed database, such as a corporate OEH NPWS 
database covering all geodiversity in the area, to be used for mapping geodiversity 
within this region. Underrepresented features listed in this study need to be 
incorporated. This could be achieved through a geological survey of the entire region, 
through the use of a site assessment tool such as the GSAT, or the introduction of 
Local Geodiversity Action Plans (LGAPs) that will be able to provide succinct 
information on regions within the South Coast. An improvement on the existing 
NPWS database would be the inclusion of data from the Osborne et al. (1998) 
database of the South (CRA) Forest Region, New South Wales, Geoheritage Sites, 
which covers the same area and geological features as the NPWS database, however it 
includes fragilities and values (criteria) of sites.  
3. NPWS need to assess and plan for the management of sites across the wider 
landscape, not just within their reserve boundaries. This could be done through 
collaboration with communities, private residences, local governments and landcare 
groups. An individual OEH committee working on sites outside the reserve system 
and reporting to the Karst Management Unit could be set up to manage geodiversity 
within the South Coast Region.  This will require the training of staff and volunteers 
in appropriate conservation and management techniques for geodiversity.  
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7.2 Conclusion 
 
The broad aim of this project was to determine whether geodiversity was adequately 
addressed within the South Coast Region NPWS Plans of Management, and whether the 
existing reserve system adequately covers local geoheritage and geodiversity. The 27 Plans of 
Management for this region and the NPWS database of places of geoheritage significance, 
and geological sites and areas were examined in an attempt to address these questions. This 
study highlighted the potential for both Plans of Management and databases to be improved 
in relation to geodiversity within the region. The overall lack of recruitment of geodiversity 
within all mediums emphasizes the need to encourage its promotion, determine its possible 
threats and in turn create suitable management plans to address its adequate conservation 
within the NPWS South Coast Region. This can all be aided through the use of the 
Geodiversity Site Assessment Technique (GSAT) created through this thesis. The GSAT has 
proved to be an effective assessment tool for both known and unknown sites within the 
NPWS reserve system and is significant in providing management suggestions for such sites. 
Although the recommendations for improving geodiversity within this region may be costly 
at times, they would be well worth it to improve the awareness and conservation of 
geodiversity for future generations to enjoy.  
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Appendix 1 
Plans of Management Review Spreadsheet 
The full spreadsheet of the review of the 27 reserve Plans of Management can be seen in the 
file ‘Appendix 1’. 
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Appendix 2 
GSAT Template 
Site Name  
Other Names  
Location  
Local Government Area  
State or Territory   
Name of nearest settlement   
Area of site  
Property details (Use, Owners etc)  
Administrative Area  
Site Description 
(Mention all options that apply) 
 
 
 
 
 
 
 
 
Age  
Accessibility  
Land Use  
Threats  
Geology 
  Igneous rock  
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 Sedimentary rock  
 Metamorphic Rock  
 Unconsolidated substrate 
 Geological structures  
 Stratigraphic sites 
 Mineralogical sites  
 Other geological places 
Landforms Aeolian Landforms 
  Arid Dune Systems 
 Longitudinal dune 
systems 
 Crescentic dunes 
(barchans) 
 Parabolic dune systems 
 Lunettes 
 Other arid dune systems 
 Coastal dune systems 
 Other aeolian landforms 
 
Landforms of biological origin 
 Coral reefs and atolls 
 Guano deposits 
 Other biological 
landforms 
 
Landforms caused by effects 
of gravity 
 Collapse structure 
 Other gravity landforms 
 
Landforms caused by internal 
forces 
 Faults 
 Horsts  
 Folds 
 Strike ridges, cuestas 
 Calderas 
 Lava caves 
 Lava flows 
 Organ pipes 
 Volcanic lakes and 
swamps 
 Hot springs 
 Mud flows 
 Volcanic ash/bombs 
 Volcanic islands 
 Volcanic plugs 
 Other volcanic 
landforms 
 
Landforms caused by extra-
terrestrial origin 
 Meteorite impact site 
 Other extra-terrestrial 
origin 
 
Glacial Landforms 
 Glacial valley 
 Glacial pavements 
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 Moraines 
 Moraine lakes 
 Tarns 
 Perched glacial bogs 
 Other glacial features 
Landforms formed by 
precipitation/moisture 
 Caves, incl. Limestone 
Caves 
 Cliffs/Escarpments 
 Depositional fan 
 Inselberg 
 Karst 
 Landslide 
 Mesas and buttes 
 Mountains/hills 
 Plain/Peneplain 
 Plateaux/Tablelands 
 Sandplain 
 Sinks/soaks/springs 
 Other 
precipitation/moisture 
features 
 
Stream flow landforms 
 Bays and Inlets 
 Beaches 
 Estuaries 
 Headlands and Rock 
platforms 
 Open coasts 
 Sandbars and 
Sandbanks 
 Tidal Cliffs 
 Other coastal landforms 
 Coastal sand islands 
 Continental Islands 
 Oceanic Islands 
 Sand/Mud islets 
 Other Island landforms 
 Continental Shelf 
 Underwater cliffs 
 Underwater mountains 
 Underwater troughs 
 Other marine landforms 
 Other standing water 
landforms 
 
 
 
 
 
Standing water landforms 
 Internal drainage basins 
 Riverine landforms 
 Anabranch 
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 Billabong/Oxbow lake 
 Channel country 
 Creek channel 
 Floodplain 
 Gorge 
 Meander 
 Entrenched meander 
 Overflow lake 
 River Channel 
 Terrace 
 Terminal Lake 
 Waterfall/Rapids 
 Other riverine 
landforms 
 Other stream flow 
landforms 
 
Palaeoenvironment  
 Ancestral streams 
 Charcoal deposits 
 Evidence of past climates 
 Fossil coral reefs and atolls 
 Fossil or buried soil 
 Relict coastlines 
 Sea-level changes 
 Varve Deposits 
 Other Relict landforms 
 Other palaeoenvironment feature 
 
 
Palaeontology  
 Micro Fossil 
 Pollen 
 Diatoms 
 Phytoliths 
 Macro-fossil 
 Fossil stromatolites 
 Other flora fossils 
 Vertebrate fossils 
 Freshwater Vertebrate fossils 
 Terrestrial Vertebrate fossils  
 Invertebrate Fossils 
 Freshwater Invertebrate fossils 
 Marine Invertebrate fossils 
 Terrestrial Invertebrate fossils 
 Other fauna fossils 
 Other palaeontology feature 
 
 
 
Soils 
 Calcareous sand/soil 
 Clay 
 Gibber surface 
 Gravel 
 Gypseous sands/soils 
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 Lithosols 
 Impeded drainage soils/gleys 
 Lateritic soils 
 Limestone derived soils 
 Loam 
 Organic (Peats etc) 
 Saline soils 
 Sand (Incl. Siliceous sand) 
 Silt 
 Other soil types 
 
 Duplex soils 
 Gradational soils 
 Uniform soils 
Precincts 
 Residential 
 Primary Industry (What?) 
 Hotels, Motels, Inns etc.  
 Places of recreation 
 Religious structures 
 Precincts 
 Government Buildings 
 Commercial Buildings 
 Cemetaries/Graveyards 
 Miscellaneous sites 
 Educational places 
 Industrial sites/Buildings 
 Lighthouses 
 Post Offices 
 Railway buildings and structures 
 Community service structures 
 Historic sites 
 Military sites 
 Bridges 
 Parks, gardens, trees 
 Shipwrecks 
 Towns 
 Conservation Areas 
 Communications sites 
 Monuments/memorials 
 Judicial structures 
 Financial Structures 
 Mining sites and mineral processing 
 Ports, piers, etc 
 Road transport 
 Air transport 
 Scientific facilities 
 
Geo-Processes Tectonic  
Volcanic  
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Coastal  
Aeolian   
Slope  
Fluvial  
Glacial   
Erosion  
Potholing  
Relict Processes  
Total Number of Site Elements Present  
Quantification of Geodiversity  
Determining Significance 
(Significance is determined using a scale system. Scales are from one to ten, with ten being the most 
rare/scare/preserved etc. Reasons should be given for choice of significance level) 
Significant Elements and Uses  
Overall Significance Level (if possible) 
 Local 
 Regional 
 State 
 National  
 International 
 
Value Rating (out of 10) of 
scale of significance 
Scale of 
Significance 
(Local, State, 
Regional, National 
or International) 
and Reason for 
Rating/Scale 
Scientific Value   
Economic Value   
Cultural Value   
 
 
145 
 
Tourism Value   
Rarity   
Threat Level   
Total Ranking (Out of 60)  
References   
 
Comments  
 
 
 
 
 
 
 
Name   
Sites 
Values/Criteria 
Scale of 
Significance 
Reason for 
Scale of 
Significance 
Weighted 
Scale of 
Significance 
Rating of scale 
of significance 
Final Score of 
Geodiversity 
Significance 
Scientific Value  
 
    
Economic Value  
 
    
Cultural Value  
 
    
Tourism Value  
 
    
Rarity  
 
    
Threat Level  
 
    
Total     
Management  
Scores 
1-3 = Minimal 
management  
3-5 = General 
management  
5-7 = Special 
management  
7-10 = Protection 
management  
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Appendix 3 
Field Assessment Documentation for Fitzroy Falls, Minnamurra Falls and Bombo Quarry 
  
  
Site 1 Site 2 Site 3 
Site Name Fitzroy Falls  Minnamurra falls 
 
Bombo Quarry 
Other Names     Bombo Quarry;Bombo Headland Quarry 
Geological Site 
Location Latitude: -34.650° S 
Longitude:150.483° E 
Latitude: -34.633˚ S Longitude:150.716˚ 
E 
Latitude:-34.65895 ˚ S  
Longitude:150.85352˚ E  
Local Government Area Wingecarribee Shire Kiama Municipal Council Kiama Municipal Council 
State or Territory  New South Wales New South Wales New South Wales 
Name of nearest settlement  Fitzroy Falls Village Jamberoo Bombo 
Area of site Lookout = 100Ha, Visual catchment 
= 5000 Ha 
Approximately 100 Ha Approximately 12ha 
Property details (Use, 
Owners etc) 
Morton National Park Budderoo National Park Sydney Water. Use as sewage treatment 
plant site. Passive recreation , Research site  
Administrative Area NSW - Wingecarribee Shire 
(lookout) National Parks and 
Wildlife Service (Visual Catchment) 
National Parks and Wildlife Service Sydney Water 
Site Description 
(Mention all options that 
apply) 
Fitzroy Falls is located on the 
Illawarra Plateau and provides 
studding views of the stratigraphic 
sequence of the southern Sydney 
Basin. Fitzroy Falls is one of a series 
of waterfalls positioned at the 
The Minnamurra River starts from a 
natural swamp on the Budderoo Plateau. 
It is a vital resource for the rainforest 
and the residents of Jamberoo valley. 
The Minnamurra River drops into a slot 
gorge which would have once been 
The Bombo Headland Quarry is of one of 
the most significant geological sites in New 
South Wales. The rock type and its 
formation features have technical 
significance at a national level. The Bumbo 
Latite Member is also of international 
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headwaters of drainage tributaries of 
the Shoalhaven River. The waterfall 
itself is an excellent example of one 
that has developed without any 
indication of undercutting of the cap 
rock. The falls plunges over a large 
vertical cliff of Hawkesbury 
Sandstone and into a deep incised 
gorge of the Yarrunga Creek.  
filled with a band of volcanic rock 
known as a dyke. This rock was much 
softer than the surrounding rock and 
therefore eroded away, presenting an 
unusual slot gorge feature that is 
different to other waterfalls of the 
Illawarra and Southern Highlands. 
Minnamurra Rainforest has  two main 
waterfalls, the lower falls which has 
traditionally been the major attraction 
for visitors to Minnamurra. Many people 
also find the walk up to the Upper falls 
well worth it also. The area has been 
affected by landslides. Not on Australian 
Heritage Database.  
scientific significance as it was formed 
when North and South Magnetic Poles were 
reversed, which is important for 
intercontinental paleomagnetic correlation 
of Late Palaeozoic rock sequences. The 
Bombo Headland Quarry (the place) has 
state significance for its educational value 
with geological departments of NSW 
universities. The place has state significance 
as a source of employment in the quarrying 
industry for nearly a hundred years; material 
from which was used in the railway and 
civil (road) construction. The place is 
utilised by locals and tourists for its 
recreational values and scenic views. 
Age   Permian Late Palaeozoic 
Accessibility Walking trails and boardwalks Walking trails only to the waterfalls. Vehicle and Walking 
Land Use Tourism Tourism Former use: Blue metal quarry. Current 
Use: Passive recreation , Research site  
Threats Tourism Tourism Tourism, Land Use 
Geology Sedimentary Rocks, Metamorphic 
Rocks 
The Upper Waterfall is located within 
the Illawarra Coal Measures, and the 
lower waterfall is located within the 
Minnamurra Latite.  
Clusters of hexagonal basalt columns 
Landfor
ms 
Aeolian 
Landforms 
x x x 
Landforms of 
biological origin 
x x x 
Landforms 
caused by 
x x x 
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effects of gravity 
Landforms 
caused by 
internal forces 
x x Lava Flows 
Landforms 
caused by extra-
terrestrial origin 
x x x 
Glacial 
Landforms 
x x x 
Landforms 
formed by 
precipitation/mo
isture 
Landslides, Cliffs/Escarpments  Landslides, Cliffs/Escarpments  x 
Stream flow 
landforms 
Gorge, Waterfalls Gorge, Waterfalls x 
Standing water 
landforms 
x x x 
Palaeoenvironment  x x x 
Palaeontology  x x x 
Soils x x x 
Precincts x x Mining Sites and Mineral Processing 
Geo-
Processes 
Tectonic x x x 
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Volcanic x x Yes 
Coastal x x Yes 
Aeolian  x x x 
Slope x x x 
Fluvial  Yes  Yes x 
Glacial  x x x 
Erosion Yes Yes Yes 
Potholing x x x 
Relict 
Processes 
x x Yes 
Quantification of 
Geodiversity (Total 
Number of Site Elements 
Present) 
6 6 6 
Determining Significance 
(Significance is determined using a scale system. Scales are from one to ten, with ten being the most rare/scare/preserved etc. Reasons should be 
given for choice of significance level).  
Significant Elements and 
Uses 
Rare geology/landform/other feature, 
Research site, Teaching/educational 
site.  
Tourism site, Education site (Lots of 
school children visit the area) 
Tourism site, Site of Sydney Water Sewage 
Treatment Plant 
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Overall Significance Level 
[Local, Regional, State, 
National, International] 
Local or State Local or State International, National and State 
Value Rating 
(out of 
10) of 
Scale of 
Significa
nce  
Scale of Significance 
(Local, State, Regional, 
National or 
International) and 
Reason for Rating 
Rating 
(out of 
10) of 
Scale of 
Signific
ance 
Scale of Significance (Local, 
State, Regional, National or 
International) and Reason for 
Rating 
Rating 
(out of 
10) of 
Scale of 
Significan
ce  
Scale of Significance (Local, 
State, Regional, National or 
International) and Reason for 
Rating 
Scientific Value 3 STATE: Is an excellent 
example of a waterfall 
which has developed 
without any evidence of 
undercutting of a cap 
rock. However, this is 
evident in other 
waterfalls and may not 
be scientifically 
important. 
2 REGIONAL: Waterfall 
drops into a slot gorge, 
presenting an unusual feature 
different to the other 
waterfalls of the Illawarra 
and Southern Highlands 
9 INTERNATIONAL:  The 
Bumbo Latite Member is also 
of international scientific 
significance as it was formed 
when North and South 
Magnetic Poles were reversed, 
which is important for 
intercontinental paleomagnetic 
correlation of Late Palaeozoic 
rock sequences. The Bombo 
Headland Quarry (the place) 
also has state significance for 
its educational value with 
geological departments of 
NSW universities.  
Economic Value 4 REGIONAL: Parking 
fee of $3 per car is only 
entry fee to waterfall 
5 REGIONAL: Parking fee of 
$11 per car is only entry fee 
to waterfall 
5 STATE: The place has state 
significance as a source of 
employment in the quarrying 
industry for nearly a hundred 
years; material from which 
was used in the railway and 
civil (road) construction. 
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Cultural Value 5 REGIONAL: Sites of 
spiritual significance 
and locality of 
traditional ceremonies 
4 REGIONAL: Possible site of 
spiritual significance. 
Aboriginal artefacts have 
been found in the area and 
are on display in the visitor 
centre.  
6 LOCAL: No specific cultural 
value mentioned.  
Tourism Value 6 STATE: Thousands of 
tourists visit each yeah 
6 STATE: Thousands of 
tourists visit each yeah 
6 STATE: The place is utilised 
by locals and tourists for its 
recreational values and scenic 
views. 
Rarity 1 LOCAL: Not considered 
rare within Australia or 
internationally 
1 LOCAL: Not considered rare 
within Australia or 
internationally 
6 INTERNATIONAL: The 
natural qualities of the place 
are rare and are important to 
scientists at a state, national 
and international level. 
Threat Level 6 LOCAL: Large number 
of tourists. Possible 
erosion of waterfall.  
6 LOCAL: Large number of 
tourists. Possible erosion of 
waterfall.  
6 REGIONAL: Tourism, 
Erosion, Quarrying and the 
development of the Sydney 
Water treatment plant have all 
been threats to this site.  
Total Ranking (Out of 60) 25/60 24/60 38/60 
References  (Jones and Goldbery 1991) (NPWS 1998) (SydneyWater 2010) 
  
Comments   Some evidence of Aboriginal presence 
documented in the information centre, 
however not specifically found at the 
waterfall site but at surrounding sites. 
Slot gorge, can it be considered rare? 
Close proximity, approximately 5 
minutes to Jamberoo and 15 minutes to 
Kiama. 
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